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The provision of ecosystem services within social-ecological systems is influenced 
by multiple environmental and anthropogenic driving forces, affecting natural ecosystems. 
At the same time, the capacity of ecosystems to concurrently provide different types 
of ecosystem services is inherently limited. Thus, ecosystem changes and their effect 
on ecosystem services have direct implications for human existence and well-being.  
The aim of this thesis is to present a modelling approach to assess regulating, provisioning 
and cultural ecosystem services and to quantify their potential trade-offs, illustrated by two 
case studies carried out in selected UNESCO Biosphere Reserves in the Czech Republic, 
Třeboň Basin Biosphere Reserve and Šumava Biosphere Reserve. Both of the selected case 
study areas are characterized by high levels of natural and cultural assets and challenges 
regarding future landscape management. 
In this study, first the social-ecological dynamics within the study areas was analysed 
by creating participative scenarios through collaboration with local stakeholders, eliciting 
their preferences regarding future landscape development to 2050. Second, the impact 
of the scenarios on ecosystem services and their trade-offs were assessed using 
a combination of spatially explicit models and modelling approaches. 
The results indicate that while scenarios promoting economic revenues from landscapes 
caused substantial trade-offs among ecosystem services, conservational scenarios provided 
higher levels of ecosystem services with lower trade-offs. This study illustrates that while 
some stakeholder-created scenarios favoured managing ecosystems for short-term 
economic revenues, incorporating the provision of ecosystem services and their trade-offs 
shows that environmentally focused scenarios provide higher long-term benefits. 
The conclusions of this study emphasize the importance of assessing ecosystem services 
trade-offs for sustainable landscape management and well-informed spatial planning 
and decision-making. At the same time, this study aims to contribute to the development 





Poskytování ekosystémových služeb v rámci sociálně-ekologických systémů je ovlivňová-
no řadou environmentálních a antropogenních hnacích sil, ovlivňujících přírodní 
ekosystémy. Kapacita ekosystémů současně poskytovat různé typy ekosystémových služeb 
je zároveň z podstaty limitována. Změny ekosystémů a související produkce 
ekosystémových služeb proto mají přímé důsledky pro existenci člověka a jeho blahobyt. 
Cílem předkládané práce je představit modelovací přístup hodnotící regulační, zásobovací 
a kulturní ekosystémové služby a kvantifikující jejich potenciální rozpory (trade-offs). 
Tento přístup je ilustrován dvěma případovými studiemi, uskutečněnými ve vybraných 
biosférických rezervacích UNESCO v České republice – Biosférické rezervaci Třeboňsko 
a Biosférické rezervaci Šumava. Obě tyto oblasti jsou charakterizovány vysokými 
úrovněmi přírodního a kulturního bohatství, a zároveň jsou typické neshodami 
při definování priorit budoucího vývoje krajiny a krajinného managementu. 
Prvním krokem této práce byla analýza sociálně-ekologické dynamiky studovaných oblastí 
pomocí série participativních scénářů ve spolupráci s místními zúčastněnými stranami. 
V této části práce byly zjištěny preference zúčastněných stran ohledně vývoje krajiny 
studovaných oblastí do roku 2050. Následně byly zhodnoceny dopady jednotlivých 
scénářů na ekosystémové služby a jejich rozpory s využitím kombinace prostorově 
explicitních modelů a modelovacích přístupů. 
Výsledky práce ukazují, že zatímco scénáře upřednostňující ekonomické přínosy 
generované krajinou byly typické značnými rozpory mezi ekosystémovými službami, 
scénáře upřednostňující ochranu krajiny poskytovaly vyšší úrovně ekosystémových služeb 
s nižšími rozpory. 
Závěry studie ukazují, že zatímco některé participativně vytvořené scénáře preferovaly 
spravování ekosystémů za účelem okamžitého ekonomického zhodnocení, započítání 
ekosystémových služeb a jejich rozporů ilustruje, že environmentálně zaměřené scénáře 
přinášejí vyšší dlouhodobé přínosy. 
Závěry práce proto zdůrazňují význam hodnocení ekosystémových služeb a jejich rozporů 
pro udržitelný management krajiny, územní plánování a rozhodování o krajině. Účelem 
této disertační práce je též přispět k rozvoji dlouhodobého socio-ekologického výzkumu 
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1.1 Ecosystem services 
Ecosystem services (ES), defined as the contribution of natural ecosystems to human 
well-being,  have been recognized as one of the most important preconditions 
of the existence and welfare of human society (MA, 2005; TEEB, 2010). Therefore, ES 
present a critical component of interaction between humans and nature and their provision 
has become a matter of concern for decision-makers on all governance levels (Daily et al., 
2009) (Figure 1). ES assessments have gained considerable momentum in assisting 
decision-making on nature conservation and landscape management, as the concept of ES 
presents an opportunity to base landscape decisions on scientific findings and strengthen 
the science-policy link. 
 
Figure 1. Conceptual framework of socio-ecological systems. 
(Source: According to Haberl et al., 2006; Collins et al., 2011) 
The provision of ES fundamentally depends on biodiversity, i.e. the existence 
and variability of ecosystems, species, their functional traits and genetic variety (CBD, 
2010; EC, 2011). Although biodiversity is not commonly perceived as an ecosystem 
service per se, it presents a vital precondition for ecosystem functioning, as well 
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as consequent provision of ES, on which human well-being directly depends (MA, 2005; 
Fischer et al., 2006; Rockström et al., 2009; Cardinale et al., 2012). Multiple studies have 
illustrated positive correlations between biodiversity levels and the provision of ES (MA, 
2005; Egoh et al., 2009; Maes et al., 2012). Consequently, long-term social-ecological 
research (LTSER) endeavours aim to broaden the evidence basis to further demonstrate 
the importance of biodiversity conservation for sustainable provision of ES and human 
well-being (Lotze-Campen, 2008; Ohl et al., 2010). However, it is important to emphasize 
that at the same time, the position of biodiversity in the ES framework has been under 
continuous discussion (de Groot et al., 2010). 
1.1.1 Ecosystem services within social-ecological systems 
ES represent a critical component of interaction within social-ecological systems (SES) 
(Haberl et al., 2006; Collins et al., 2011), which are defined as complex adaptive systems 
consisting of interconnected socio-economic and ecological systems, characterized 
by complex dynamics and non-linear relationships with multiple feedback-loops 
and thresholds (Rammel et al., 2007). In such systems, ES present the link between natural 
ecosystems and human society (Figure 1) (Nassl and Löffler, 2015). The SES theory 
emphasizes mutual interrelations between anthropogenic and ecological drivers 
of ecosystem change (Bennett et al., 2003; Redman et al., 2004), and thus presents 
a theoretical concept widely operationalized in nature conservation and landscape 
protection (Miller et al., 2012). Consequently, the SES theory presents the basis of LTSER, 
which aims to establish platforms devoted to long-term monitoring and research of socio-
economic and ecological driving forces and their impact on ecosystem change (Haberl et 
al., 2006; Ohl et al., 2010; Mauz et al., 2012). 
1.1.2 Definitions of ecosystem services 
In the last two decades of ES research, multiple definitions of ES have been introduced. 
The most commonly cited definitions of ES are for example: 
 “the conditions and processes through which natural ecosystems, and the species 
that make them up, sustain and fulfil human life” (Daily, 1997), 
 “the benefits human populations derive, directly or indirectly, from ecosystem 
functions” (Costanza et al., 1997), 
 “the benefits people obtain from ecosystems” (MA, 2005), 
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 “[the] components of nature, directly enjoyed, consumed, or used to yield human 
well-being” (Boyd and Banzhaf, 2007), 
 “the aspects of ecosystems utilized (actively or passively) to produce human well-
being” (Fisher et al., 2009). 
This indicative list of definitions illustrates that ES present the contribution of natural 
ecosystems to the benefits consumed by humans, generating human well-being. However, 
one generally accepted definition remains to be specified. 
Notably, there has been a persistent ambiguity in the literature regarding the difference 
between ecosystem services and ecosystem functions (Wallace, 2007; Burkhard et al., 
2012; Van Oudenhoven et al., 2012). A growing consensus is that ecosystem functions 
present the capacity of ecosystems to generate ecosystem goods and ES, which are in turn 
actually consumed by human society (de Groot et al., 2010). This conceptualization has 
been reinforced by the concept of ecosystem service cascade, highlighting the links 
between biophysical aspects of ecosystems, biodiversity and human well-being (Haines-
Young and Potschin, 2010; Spangenberg et al., 2014). The ES cascade comprises a chain 
of ecosystem structure and processes (e.g. net primary productivity), ecosystem  functions 
(e.g. biomass production), ecosystem services (e.g. harvestable agricultural production), 
benefits (e.g. fulfilment of nutrition needs) and value or human well-being (e.g. economic 
revenues from food sales, human health). 
Another widely discussed aspect is the difference between final ES (such as recreational 
enjoyment of a landscape) and intermediate ES (such as use of water for irrigation 
of agricultural plants, later consumed by final users) (Boyd and Banzhaf, 2007; Fisher et 
al., 2009). Such a distinction is particularly important to avoid double counting 
in economic evaluation of ES (UN, 2014). Furthermore, the notion of ES as flows between 
ecosystems and economic units, contributing to human well-being, has been recently 
introduced, especially for the purposes of economic evaluation of ES (TEEB, 2010; UN, 
2014). 
Apparently, the definition of ES has undergone a continuous development 
and the conceptualization and hierarchy of ES remain under discussion in the scientific 
and practitioners’ communities (Villamagna et al., 2013). 
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1.2 Classifications of ecosystem services 
The concept of ES has been intensively developed by scientific and practitioners’ 
communities in the past two decades. As a result, multiple classifications of ES have been 
established, which are introduced in the following sections. 
1.2.1 Millenium Ecosystem Assessment 
The fundamental classification of ES was introduced by the Millenium Ecosystem 
Assessment, finalized in 2005 (MA, 2005), and further classifications largely draw from 
this initial endeavour to classify ES. 
The MA recognizes supporting, regulating, provisioning and cultural ES. Supporting 
services are “those that are necessary for the production of all other ecosystem services”, 
such as photosynthesis, soil formation and nutrient cycling. Provisioning services are 
the “products obtained from ecosystems”, e.g. food, fibres, fuelwood, biochemicals, 
genetic materials and ornamental resources. Regulating services are the “benefits obtained 
from the regulation of ecosystem processes”, meaning the services necessary to sustain 
a suitable and benign environment for human existence, such as climate regulation, water 
regulation and purification, pest regulation and pollination.  Cultural services are multiple 
“nonmaterial benefits people obtain from ecosystems through spiritual enrichment, 
cognitive development, reflection, recreation, and aesthetic experiences” (MA, 2005). 
The details of the classification including links to human well-being are provided in Figure 
A1. 
1.2.2 The Economics of Ecosystems and Biodiversity 
The classification of ES by The Economics of Ecosystems and Biodiversity initiative 
resembles the previous one by MA (TEEB, 2010). Nevertheless, a slight development 
in ES class definitions occurred under the TEEB classification, adjusting them 
for the purpose of economic evaluation. 
In TEEB, provisioning services are the “material outputs from ecosystems”, including 
food, water and other resources. Regulating services are the “services that ecosystems 
provide by acting as regulators, e.g. regulating the quality of air and soil or by providing 
flood and disease control”. Habitat or Supporting services “underpin almost all other 
services” by providing “living spaces for plants or animals” and maintaining “a diversity 
of different breeds of plants and animals”. Cultural services include “the non-material 
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benefits people obtain from contact with ecosystems”, including “aesthetic, spiritual 
and psychological benefits”. 
The details of the TEEB classification, including further examples, are provided in Figure 
A2. 
In subsequent classifications, supporting services have been generally omitted, being 
redefined as ecosystem structure, processes and functions, underpinning the provision 
of ecosystem services (de Groot et al., 2010). 
1.2.3 The Common International Classification of Ecosystem Services (CICES) 
The Common International Classification of Ecosystem Services (CICES), developed 
primarily for the use within the EU policies on behalf of the European Environment 
Agency (EEA), presents a framework aiming to bridge multiple existing classifications of 
ES. Furthermore, CICES has been gradually developed to comply with its potential future 
use within the System of Environmental-Economic Accounting (SEEA), which is currently 
being led by the United Nations Statistical Division (UNSD). 
CICES does not aim to replace other existing classifications of ES, but to facilitate 
comparison among different classifications. At the same time, rather than an exhaustive 
framework, it is intended to develop over time in relation to its new applications (EEA, 
2015). 
As the above described classification schemes, CICES recognizes provisioning, regulating 
services, as well as cultural services, with the exception of supporting services, originally 
defined in the MA, which are treated as part of the underlying structures, process and 
functions of ecosystems within CICES (Haines-Young and Potschin, 2013).  
Unlike the previous assessments, CICES introduces a  multiple-level hierarchy of ES 
classification (EEA, 2015). Such a hierarchical structure is operational for ecosystem 
accounting within SEEA and addresses scale issues and geographical differences, 
as the broader hierarchical categories can be used at broader spatial scales, while more 
specific classes might be used at the local level (Figure 2). 
The summary of the CICES 4.3 hierarchical classification of ES with selected examples 
is provided in Table A1. The link of the CICES classification to the MA and TEEB 




Figure 2. The hierarchy of the CICES classification. 
(Source: According to EEA, 2015) 
 
1.2.4 Other classifications 
In addition to the above introduced classifications, multiple other endeavours to classify 
ES have been undertaken. For instance, classifications emphasizing the final consumption 
of ecosystem goods and services, as well as the direct link to beneficiaries, have been 
developed for economic-evaluation purposes (Boyd and Banzhaf, 2007; Fisher et al., 2009; 
Landers and Nahlik, 2013). Furthermore, alternative classifications based on aspects such 
as excludability and rivalness, spatial characteristics (Costanza, 2008), or human values 
(Wallace, 2007) have been developed. Other classifications have been established 
for the purposes of national ES assessments (UK NEA, 2011). 
In general, the most commonly used classifications of ES recognize the classes 
of provisioning, regulating, and cultural services. 
At the same time, consensus prevails that the scientific community is not supposed to reach 
a single ultimate classification of ES, but to develop multiple classifications to best serve 
diverse purposes of ES analyses (Costanza, 2008). 
 
1.3 Related concepts 
Multiple related concepts have been developed to take into account additional aspects 
of human-nature interactions not covered by the concept of ecosystem services. First, 
the concept of ecosystem disservices has emerged to capture the fact that ecosystems do 


















people obtain from nature (Lyytimäki, 2014; Von Döhren and Haase, 2015). 
On the contrary, ecosystem disservices cover the aspects of ecosystem functioning that 
influence humans and society negatively, such as by providing the conditions 
for the spread of pests and diseases. While many types of ecosystem disservices are linked 
to agriculture (Zhang et al., 2007), recent studies have also focused on the disservices 
originating from urban ecosystems (Gómez-Baggethun and Barton, 2013). At the same 
time, the notion of negative phenomena linked to ES has been described even before 
the introduction of the concept of ecosystem disservices (Bolund and Hunhammar, 1999). 
The second concept related to and expanding ES are landscape services. In general, this 
concept largely overlaps with ES, with some studies using these terms interchangeably (de 
Groot et al., 2010). However, from a slightly different perspective, landscape services can 
be perceived as a more holistic approach, acknowledging not only the role of individual 
ecosystems, but also the role of mutual links and relationships between ecosystems, as well 
as their spatial configuration in multifunctional landscapes, in the provision of services 
benefiting human society (Termorshuizen and Opdam, 2009). As such, landscape services 
emphasize the interlinked social-ecological aspect of landscape functioning and thus have 
a distinct sustainability dimension. Unlike ES, the concept of landscape services 
emphasizes their place-based nature, which is contrary to a traditional economic evaluation 
of ES (not necessarily linked to a specific spatial configuration of a certain landscape) 
(Termorshuizen and Opdam, 2009; Fagerholm et al., 2012). 
In this thesis, solely the concept of ES is applied, for two reasons. First, out of the three 
introduced concepts, it has been most widely established in the literature. Second, 
it matches the aim of the thesis to biophysically assess potential future contribution 
of ecosystems to human well-being in selected case study areas. 
 
1.4 Assessment approaches 
This section summarizes the approaches utilized to assess the provision of ES. First, 
it reviews approaches applicable in the assessment of different classes of ES (as introduced 
in the previous section, e.g. provisioning, regulating and cultural). Subsequently, 
the section provides an overview of available multi-service modelling tools. 
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In general, approaches to economic evaluation were outside the scope of this study. 
Therefore, the following sections generally prioritize an overview of biophysical 
assessments of ES which relate to the aim of this thesis. Nevertheless, in the case 
of provisioning services, we highlight several studies applying economic-evaluation 
approaches, since economic evaluation is the most widely used type of assessment 
of provisioning services. 
1.4.1 Provisioning services 
Economic assessments of provisioning services generally benefit from the availability 
of market-based and statistical data. Although widely used, the disadvantage of economic 
assessments is that they do not allow for comparison with those types of ES that are 
difficult to assess in monetary terms (e.g. landscape aesthetics). On the other hand, such 
comparison is facilitated by applying biophysical approaches to assess provisioning ES, 
illustrated by several examples below. 
1.4.1.1 Economic assessments 
A rather complex approach to economic assessment of provisioning ES was used 
by Polasky et al. (2008), who developed an array of economic models to predict the net 
present value of marketed goods and services derived from selected landscapes. In their 
study, specific models were used to assess the net present values of economic returns (1) 
from agricultural land-use and (2) from managed forestry, taking into account: 
 Annual yields (as a function of soil capability class, irrigation potential and parcel 
spatial position in the case of agricultural products), 
 Production or logging costs, 
 Observed market prices of crops and timber. 
This model was applied on an array of theoretical landscape compositions and land use 
patterns, taking into account future time-span by using the concept of net present value 
and discounting. Nevertheless, the models assume constant market prices for all 
theoretical landscapes, which collides with a scenario approach, assuming different socio-
economic development and conditions for various potential futures. 
To quantify timber production in economic terms, Grêt-Regamey et al. (2008) used 
the extent of forested area as a proxy indicator, taking into account the approximate 
18 
 
proportion of forest growth removed annually and the proportion of canopy cover 
in different forest patches, followed by economic assessment based on market-price 
estimates. Similarly, the indicators of produced quantities of food, cultivated hectares 
and food market prices were used to assess food provision in a study by Busch et al. 
(2012), while tonnes of standing timber and timber market prices were used 
as the indicators of timber provision. 
Goldstein et al. (2012) quantified provisioning ES in the form of the net present value 
of agricultural land, accounting for projected real property taxes, agricultural land rental 
rates and real estate prices for bulk sale of agricultural lands. In their regional-scale 
analysis, Ruijs et al. (2013) calculated agricultural revenues as an input into an ES trade-
off analysis, using data on land use, cropping pattern together with statistical data on yields 
and prices per crop type. 
1.4.1.2 Biophysical assessments 
Biophysical approaches reduce the complexity of modelling future development of ES 
provision, as they focus solely on the biophysical potential of the landscape to provide 
goods and services and disregard economic parameters such as potential future 
development of market prices and the trade with agricultural and forest products. 
Among the biophysical assessments of provisioning ES, two major approaches can be 
distinguished: projecting the yields of agricultural and forest products, and estimating 
solely the extent of agricultural and forest areas as a proxy for the capacity of a landscape 
to provide these goods and services. Both approaches are characterized by different types 
of uncertainties. While using agricultural yields and timber provision allows for a more 
detailed estimate of the actual ES provision, projecting potential future changes 
in agricultural and forestry yields is burdened by high uncertainties. On the other hand, 
although focusing solely on the extent of the agricultural and forest area provides a coarse 
estimate of the actual provision of agricultural goods and services, it generates coherent 
estimates of the current and the future state without additional source of uncertainty 
in the form of the projections of future yields. 
Among the biophysical assessments of provisioning ES, a relatively feasible way to assess 
provisioning ES was applied by Raudsepp-Hearne et al. (2010), who utilized proxy data, 
namely the percentage of cropland in selected municipalities, and the number of cattle per 
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kilometre square.  Using data from national censuses and data provided by municipality 
authorities, the authors argue that this approach, based on high-quality and easily 
accessible data, ensures an acceptable trade-off between accuracy and feasibility. A similar 
approach to the assessment of provisioning ES was applied by Queiroz et al. (2015), who 
assessed provisioning services based on the extent of cultivated area and number of cattle 
owned by agricultural holdings per kilometre square. Commercial forest area was used 
as a proxy for timber and forest product provision.  
Within the EU MAES initiative (Mapping and Assessment of Ecosystems and their 
Services), the suggested indicators used in pilot maps of ES provision comprise the annual 
harvested production of food crops, the number of grazing livestock, timber growing stock 
and total timber removal (Maes et al., 2015). Additional indicators suggested within 
MAES to assess provisioning services include food crop area, forest biomass stock, forest 
biomass increment, forest timber production, forest tree volume and harvesting rates. 
Similarly, Burkhard et al. (2012) suggest number of plants per hectare (animals 
per hectare, respectively) or energy in kJ per hectare as an indicator of crop provision 
(livestock, respectively). For timber provision, the authors suggest the amount of wood 
per hectare, tree biomass per hectare or energy in kJ per hectare. Lautenbach et al. (2011) 
use the indicator of arable land area belonging to the highest soil fertility classes as a proxy 
for food production. 
In the Czech Republic, Lorencová et al. (2013) focused directly on wheat, barley 
and maize yields based on statistical data provided by Czech Statistical Office in their 
study on temporal development of ES provided by agricultural land. 
According to Queiroz et al. (2015), while an increasing number of assessments of multiple 
ES have emerged in the past two decades, the vast majority of these studies apply different 
methodology, which hampers cross-study comparison. At the same time, comparison 
between studies contributes to ES research, as it allows generalizing local and regional 
findings, and helps to distinguish the effect of context-dependent driving forces from real 
interactions between services. Therefore, comparability to other ES studies has been 
acknowledged as a highly productive aspect of ES studies, which was respected 
in the methodology of the present study. 
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1.4.2 Regulating services 
Regulating services, such as climate regulation, water regulation and sediment retention, 
have been recognized as particularly vulnerable to ecosystem conversion and degradation 
(Zedler and Kercher, 2005). The level of regulating ES also tends to decrease with 
accented production of provisioning ES (Hansson et al., 2005; Bennett et al., 2009; 
Raudsepp-Hearne et al., 2010). At the same time, regulating ES serve as the basis for other 
types of ES, especially provisioning. Evidently, human activities influence the provision 
of regulating ES, which may in turn affect other ES with implications for human welfare 
and well-being (MA, 2005; TEEB, 2010). 
Biophysical assessments of regulating services in the literature range from expert-based 
approaches to process-based modelling, nested in geology, hydrology, pedology 
and ecology. 
Among the expert-based indicative approaches, several studies by Burkhard et al. 
(Burkhard et al., 2009, 2012; Jacobs et al., 2014) introduce a two dimensional matrix, 
assigning each type of a land cover a relative score of ES provision based on expert 
opinion. Provided that a consensus among experts is reached regarding what level 
of regulating ES is provided by which type of land cover, and the land cover classification 
is sufficiently detailed, the matrix approach is beneficial in the cases that it is not possible 
to conduct model-based assessment. 
On the other hand, especially water-related regulating ES can be modelled using elaborate 
process-based models originally developed for hydrological purposes, such as SWAT (Soil 
and Water Assessment Tool, http://swat.tamu.edu/) or VIC (Variable Infiltration Capacity 
Macroscale Hydrologic Model, http://vic.readthedocs.org). These models facilitate 
accurate modelling of hydrological phenomena and related processes, such as nutrient 
leaching and water soil erosion, which can be, after adjustments, used as the basis for ES 
assessments. Nevertheless, these models are highly demanding in terms of data inputs 
and require collaboration with experienced hydrologists, which limit their use in ES 
assessment (Vigerstol and Aukema, 2011). For instance, among studies assessing 
regulating ES with specialized hydrological models, Nedkov et al. (Lautenbach et al., 
2012; Nedkov and Burkhard, 2012) modelled water yields, water flow and potential flood 
levels in order to quantify the ability of ecosystems to retain flood-water, pollutants 
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and sediments. Subsequently, they linked this information with societal demand for flood 
regulation and water purification. 
Other tools focusing on the assessment of regulating ES are generally of constricted 
applicability in research. First, these tools are often proprietary (the license needs to be 
purchased) or require a commercially developed software, such as the MIMES model 
(Multi-scale Integrated Models of Ecosystem Services, 
http://www.afordablefutures.com/home) or the WEAP model (Water Evaluation 
And Planning, http://www.weap21.org/) (Boumans et al., 2015; Bhave et al., 2016), both 
focusing on the assessment of water-related processes and their dependency on changing 
environmental conditions.  
Second, available web-based modelling tools are of a narrower scope, with a limited 
possibility of parametrization. For instance, the WaSSI tool (Water Supply Stress Index 
Model, http://www.wassiweb.sgcp.ncsu.edu/) is a web-based tool to model the effects 
of land use and land cover change, climate change, and water withdrawals on river flows, 
water supply stress, and carbon sequestration dynamics; however, limited to selected 
locations in North America and Africa (Caldwell et al., 2012).  
In addition to the above introduced approaches, regulating services have also been assessed 
with tools parallelly modelling multiple types of ES (Nelson et al., 2009; Bagstad et al., 
2012; Goldstein et al., 2012; Arkema et al., 2013; Balbi et al., 2015), which are listed 
in a separate section below. 
1.4.3 Cultural services 
Compared to the provisioning and regulating services, cultural ES present a subgroup 
of ES challenging in terms of definition and classification, and consequently, in terms 
of assessment (Daniel et al., 2012). Therefore, the following section aims to summarize 
current approaches to the conceptualization of cultural ES, in order to structure 
the following review of approaches to assess cultural ES. 
Various definitions and classifications of cultural services have been developed, mainly 
within international and global synthetizing reports, as well as research articles on ES. 
Among global assessments, (MA, 2005) defines cultural ES as “the non-material benefits 
people obtain from ecosystems through spiritual enrichment, cognitive development, 
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reflection, recreation and aesthetic experiences”. MA divides cultural services into several 
sub-classes, namely: 
1. Cultural diversity, defined as the influence of ecosystem diversity on the diversity 
of cultures, 
2. Spiritual and religious values, mediating the attachment of some religions 
and beliefs to ecosystems and their components, as well as spiritual fulfilment, 
3. Knowledge systems, encompassing the influence of ecosystems on the types 
of knowledge systems developed by different cultures (e.g. traditional and formal), 
4. Educational values, since ecosystems provide the basis for formal and informal 
education, 
5. Inspiration, provided by ecosystems for art, folklore, national symbols, architecture, 
advertising, etc., 
6. Aesthetic values, comprising the visual qualities or aesthetic value of various 
aspects of ecosystems perceived and enjoyed by people, such as scenery and scenic 
beauty, 
7. Social relations, which are influenced by ecosystems the cultures are hosted 
by (e.g. the relations within fishing societies differ in the type of social relations 
from nomadic herding to agricultural societies, based on the type of fisheries used), 
8. Sense of place, associated with recognized features of ecosystems, which form 
people’s environment, 
9. Cultural heritage values, placed by many societies on historically important 
landscapes (so called “cultural landscapes”) or culturally significant species. 
10. Recreation and ecotourism supported by the characteristics of the natural 
of cultivated landscapes in particular areas. 
The TEEB report (TEEB, 2010) defines cultural ES as “the non-material benefits people 
obtain from contact with ecosystems, including aesthetic, spiritual and psychological 
benefits”. TEEB introduces a similar classification as MA, dividing cultural services into: 
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1. Contribution to recreation and mental and physical health, 
2. Tourism, 
3. Aesthetic appreciation and inspiration for culture, art and design, 
4. Spiritual experience and sense of place, 
5. Contribution to education. 
On the European level, the CICES classification, attempting to bridge the MA and TEEB 
classifications, define cultural services as “the non-material, and normally 
non-consumptive, outputs of ecosystems that affect physical and mental states of people” 
(Haines-Young and Potschin, 2013). Nevertheless, the current report on CICES (Haines-
Young and Potschin, 2013) emphasises that the area of cultural ES is particular 
problematic in terms of terminology, since in the case of cultural services, it is difficult to 
make a distinction between services and benefits (e.g. for recreation). 
CICES recommends that “cultural services are primarily regarded as the physical settings, 
locations or situations that give rise to changes in the physical or mental states of people, 
and the character of which is fundamentally dependent on living processes; they can 
involve individual species, habitats and whole ecosystems. The settings can be semi-
natural as well as natural settings (i.e. can include cultural landscapes) providing they 
are dependent on in situ living processes” (Haines-Young and Potschin, 2013). CICES 
further recognizes the distinction between settings supporting interactions that are used 
for physical activities such as hiking and angling, and intellectual or mental interactions 
involving analytical, symbolic and representational activities. Spiritual and religious 
settings are also recognised. The classification also covers the ‘existence’ and ‘bequest’ 
constructs that may arise from people’s beliefs or understandings. 
Thus, on the level of classes, CICES distinguishes the following types of cultural services: 
1. Experiential use of plants, animals and landscapes, 
2. Physical use of landscapes, 
3. Scientific interactions, 
4. Educational interactions, 
24 
 
5. Heritage, cultural interactions, 
6. Entertainment interactions, 
7. Aesthetic interactions, 
8. Symbolic interactions, 
9. Sacred and/or religious interactions, 
10. Existence values, 
11. Bequest values. 
In addition to the above listed types of cultural services, Burkhard et al. (2012) introduce 
the intrinsic value of biodiversity, defined as “the value of nature and species themselves, 
beyond economic or human benefits”. However, such a definition of an ecosystem service, 
not relating its value to direct or indirect benefits to people, is rather contested, 
and the intrinsic value of biodiversity is usually not considered as a cultural ES. 
Costanza (2008) introduces a different perspective and classifies cultural ES as either 
global and not depending on spatial proximity, such as cultural or existence values 
of ecosystems, or dependent on users’ movement, e.g. dependent on the flow of people 
to unique natural features, such as in the case of recreation and valuing cultural and 
aesthetic features of ecosystems.  
Wallace (2007) proposes to distinguish different types of cultural services based 
on the final benefit these services bring to human societies. While the final benefit 
proposed by the authors is socio-cultural fulfilment, the individual cultural services 
are classified based on the access to: 
1. Spiritual/philosophical contentment, 
2. A benign social group, including access to mates and being loved, 
3. Recreation/leisure, 




6. Opportunity values, capacity for cultural and biological evolution, 
7. Knowledge/education resources, 
8. Genetic resources. 
Nevertheless, the authors describe their list of cultural services as indicative, requiring 
further development, especially in reference to different cultural systems and alternative 
value views (Costanza, 2008). 
In a study by de Groot et al. (2002) introducing a classification of ES based on their 
underlying ecosystem functions, the authors define the intangible services of ecosystems as 
related to information functions. An indicative list of these underlying functions and their 
resulting goods and services is provided in Table 1. 
Table 1. Information functions and related goods and services of natural and semi-natural 
ecosystems (according to de Groot et al., 2002). 
Information functions Goods and services (examples) 
Aesthetic information  Enjoyment of scenery (scenic roads, housing, etc.) 
Recreation  Travel to natural ecosystems for ecotourism, outdoor sports, etc. 
Cultural and artistic 
information 
Use of nature as motive in books, film, painting, folklore, national 
symbols, architect., advertising, etc. 
Spiritual and historic 
information 
Use of nature for religious or historic purposes (i.e. heritage value of 
natural ecosystems and features (such as old trees). 
Science and education  Use of natural systems for school excursions, etc. 
Use of nature for scientific research. 
 
In relation to economic evaluation of ES, Boyd and Banzhaf (2007) focus on examples 
of cultural services such as hiking, swimming, birding and angling, emphasizing 
the importance of proper definition and classification of ES to facilitate their assessment 
and evaluation. 
In sum, multiple classifications and definitions of different types of cultural ES have been 
developed, focusing on multiple perspectives and aspects. While some types of cultural 
services can be modelled and captured in biophysical or economic terms, such 
as the consumption of recreational and touristic opportunities, assessed based 
on the numbers of visitors, for other cultural services, proxy data need to be utilized 
to estimate the capacity of ecosystem to provide a certain cultural service, e.g. in the case 
of the aesthetic aspects of landscapes. In some cases, such as the spiritual experience 
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of ecosystems, the possibility of assessing the amount of the service provided remains 
questionable. 
A distinctive characteristic of cultural ES is that most cultural services are directly 
experienced and intuitively appreciated, in contrast with e.g. regulating services, which are 
rarely recognized by stakeholders and the public (Daniel et al., 2012). As such, cultural ES 
have the potential to raise public support for nature conservation and environmental 
protection (Gobster et al., 2007). Nevertheless, cultural services are often characterized 
as intangible or subjective (see above), and thus difficult to quantify in biophysical 
or monetary terms. Therefore, their integration into the ES framework seems difficult. 
Another contested aspect of cultural services is their dependency on social constructs. 
Nevertheless, as recent studies show, a significant direct and indirect contribution from 
ecological structures and processes to cultural benefits can be attributed to ecosystems 
as their cultural services and numerous approaches are available to quantitatively 
or qualitatively assess this contribution (Daniel et al., 2012). 
 
The diversity of cultural ES evident from the analysis above is in line with the wealth 
of approaches to their assessment (Kelemen et al., 2014). As stated above, in this section, 
we focus solely on assessment and modelling approaches based on spatial data 
and the physical basis of cultural ES, as well as their relation to physical landscape 
attributes and patterns, with various level of participatory input. 
A significant part of studies assessing the provision and spatial distribution of cultural ES 
utilizes public participation GIS (PPGIS) approaches, using various mapping approaches 
to allow the public and stakeholders to express their opinion on the type and level 
of services provided by different types of landscapes. PPGIS has been utilized in numerous 
applications including nature conservation, landscape management and urban planning, 
as well as the assessments of landscape values related to cultural ES (Brown and Kyttä, 
2014). Since participative collaboration with the general public and related mapping 
of social values for ES is beyond the scope of this study, further details on PPGIS 
approaches in the assessment of cultural ES can be found in (Raymond et al., 2009; 
Sherrouse et al., 2011; Brown and Fagerholm, 2015). 
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Another broad group of studies assess cultural ES from the perspective of landscape 
aesthetics, the physical characteristics of landscapes and visual landscape patterns. Apart 
from studies eliciting the perspectives of different cultural and stakeholder groups 
and perceptual surveys (Daniel, 2001), numerous studies focus on the biophysical basis 
of landscape aesthetics and the possibilities to assess it. These studies quantify 
the  contributions of landforms, vegetative land cover and water features to aesthetic 
landscape quality, and use modelling and assessment mainly by GIS approaches. Although 
the conceptualizations of landscape aesthetics have been numerous and largely depend 
on the spatial setting of various studies, the vast majority of studies define landscape 
aesthetics through their visual characteristics, especially scenic beauty (Gobster et al., 
2007). 
GIS-based approaches to assess cultural ES naturally stem from perceptual studies, 
assessing stakeholder preferences regarding various landscape features. In this respect, 
a common reservation towards such a basis lies in the presumed differences in aesthetic 
preferences across individuals, demographic, ethnic or other groups (Hagerhall, 2001). 
However, existing perceptual assessments of landscapes have shown a substantial 
consensus, especially in the case of natural landscapes (Stamps, 1999). Thus, such studies 
linking landscape attributes to human perceptions can serve as a basis for further GIS-
based assessments of landscape aesthetics. 
Studies by Grêt-Regamey et al. (2007, 2008) present examples of elaborate GIS-based 
modelling approaches assessing scenic beauty of predominantly mountainous regions. 
The three-dimensional GIS model developed by the authors includes the effects of slope, 
aspect, distance, as well as the height of landscape features to calculate the proportion 
of different land cover areas making up the viewshed. Subsequently, the preferences 
of participants regarding landscapes are elicited through a photograph-based participative 
survey. This method also allows for digital altering of the survey photographs and thus 
eliciting the preferences regarding different landscape change scenarios.  
There are numerous studies focusing on the general preferences of the public regarding 
various types of landscapes and landscape features, also examining the effect of various 
socio-economic aspects such as personal characteristics, residential location 
and environmental value orientations on landscape preferences. Multiple studies suggests 
that the strongest preferred landscapes are those with water related features as dominant 
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attributes, followed by cultural landscapes (Howley, 2011; Völker and Kistemann, 2011). 
Further appreciated aspects of landscapes are diverse spatial patterns and spatial 
heterogeneity, as well as variety and complexity of landscape patterns (de la Fuente de Val 
et al., 2006). Tree cover and vegetation have different impacts on the perception 
of landscapes in the case of barren landscapes, where increasing proportion of tree cover 
is appreciated, and in vegetated landscapes, where additional increase in tree cover causes 
moderate or low increase in preferences (Jiang et al., 2015). Several studies emphasize 
the heterogeneity in landscape preferences according to participants’ personal and socio-
demographic characteristics (Swanwick, 2009). Therefore, the assumption that based 
on numerous previous perceptual surveys, a GIS-based estimate of landscape aesthetics 
is feasible, seems reasonable, provided the study area belongs to a landscape type 
and socio-economic context previously studied in perceptual surveys (Dramstad et al., 
2006). 
A purely GIS-based approach to the assessment of landscape aesthetics has been proposed 
and applied both on regional and European level (Otero Pastor et al., 2007; Martín Ramos 
and Otero Pastor, 2012). This approach is based on the theoretical assumption, drawn from 
previous landscape perception surveys, that in a given socio-cultural space, specific 
landscape parameters are valued as aesthetically pleasing, such as natural land cover types 
or mountainous terrain. Thus, spatial analysis is utilized to assign each part of a landscape 
a score based on the overlay of these parameters. 
A similar GIS-based approach, denoted as ESTIMAP, has been developed to map 
the recreational potential of natural areas, based on their ecological quality 
and the proximity of desirable landscape features, such as water bodies (Paracchini et al., 
2011, 2014; Maes et al., 2015). This approach facilitates a flexible combination of various 
landscape parameters, based on the locally-specific perception of their importance. 
For instance, terrain forms can be included in mountainous areas, where they are valued 
by tourists, while omitted in lowland regions, where other landscape features are sought. 
Furthermore, this approach has been applied within the EU-wide initiative on mapping ES 
(MAES). 
As in the case of regulating services, cultural services can be modelled by several available 
tools for modelling multiple types of ES (Bagstad et al., 2014). This type of tools 
is summarized below. 
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1.4.4 Modelling tools for the assessment of multiple ecosystem services 
Hitherto, multiple tools have been developed to facilitate the assessment of multiple ES. 
Since comprehensive reviews of such tools are available (Nemec and Raudsepp-Hearne, 
2012; Bagstad, Semmens, Waage, et al., 2013), this section does not aim to provide 
an exhaustive list, but to highlight the most widely used modelling tools for multiple-ES 
assessment (Vigerstol and Aukema, 2011; Nemec and Raudsepp-Hearne, 2012; Bagstad, 
Semmens, and Winthrop, 2013). 
InVEST (Integrated Valuation of Environmental Services and Trade-offs, 
http://www.naturalcapitalproject.org/invest/)  has been developed by the Natural Capital 
Project initiative at Stanford University (Kareiva et al., 2011) as research and decision-
support tool enabling spatially explicit assessment and evaluation of ES at various spatial 
scales. To date, the model has been applied in studies encompassing a wide range 
of geographic and climatic conditions and has been used for ES evaluation in various 
research projects worldwide, especially to compare different alternatives of potential future 
landscape development (Nelson et al., 2009; Tallis and Polasky, 2009; Isely et al., 2010; 
Goldstein et al., 2012).  
InVEST presents a set of models using the approach of ecological production functions, 
which attributes different levels of ES provision to specific ecological and socio-economic 
characteristics of the study location (Kareiva et al. 2011). Individual modules of InVEST 
are based on different modelling principles, e.g. they operate as look-up tables (in the case 
of climate regulation), as well as partially process-based models (as in the case of water-
related ES, such as hydropower production and water quality regulation).  
The ARIES model (Artificial Intelligence for Ecosystem Services, 
http://aries.integratedmodelling.org/) presents a complex system for the integrated 
assessment of ES. Unlike InVEST, the ARIES model is designed to utilise probabilistic 
modelling based on Bayesian belief networks, which partly reduces potential error 
introduced by the use of incomplete or low-quality data (Villa et al., 2014).  
The model is based on the conceptualization of ES as flows from the ecosystem of origin 
to human beneficiaries, which reflects the most current development 
in the conceptualization of ES (Villamagna et al., 2013; Villa et al., 2014). Thus, it enables 
modelling the original capacity of ecosystems to provide services, the potential and actual 
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flow of ES, as well as the demand for ES by human society (together with multiple other 
aspects of these three phenomena). 
For different ES, the ARIES tool utilizes separate modules, applied to model multiple 
terrestrial and water-related services. The tool has been utilized in several studies 
up to date (Bagstad et al., 2012, 2015; Balbi et al., 2015). The ARIES model is freely 
available; on the other hand, its application is hindered by substantial complexity and high 
requirements in terms of coding skills. 
In other cases, multiple-service tools represent general guidelines or frameworks 
to organize the steps of ES assessment at a local level, such as TESSA (Toolkit 
for Ecosystem Service Site-based Assessment, http://tessa.tools/) (Peh et al., 2013). 
 
1.5 Ecosystem-service trade-offs and synergies 
Trade-offs among different types occur when “the provision of one ecosystem service 
is reduced as a consequence of increased use of another ecosystem service”  (Rodriguez et 
al., 2006). Generally, ES trade-offs arise from the fact that in a limited time and space, 
ecosystems are only capable of providing a selected array of ES and not all ES can 
be maximized at the same time. Thus, trade-offs are inherently linked to human landscape 
management priorities and choices (Bennett and Balvanera, 2007). ES synergies represent 
a complementary concept, occurring in the cases when the provision of one ecosystem 
service parallelly enhances the provision of another one (Bennett et al., 2009). 
Trade-offs are characterized by a spatial, temporal and reversibility dimension. While 
the spatial dimension refers to whether “the effects of the trade-off are felt locally 
or at a distant location”, the temporal dimension is defined by whether “the effects take 
place relatively rapidly or slowly”. Finally, the reversibility expresses the extent to which 
a hindered ES has the potential to return to its original state, once the disturbance ceases 
(Rodriguez et al., 2006). 
Recent studies suggest that ES trade-offs occur mainly between provisioning services 
on the one hand, and cultural and regulating services on the other  (Bennett et al., 2009; 
Nelson et al., 2009). For instance, intensive agricultural landscapes prioritizing food 
production are usually characterized by low provision of cultural and regulating services. 
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Nevertheless, particularly low capacity to provide regulating services (e.g. erosion control)  
may in turn negatively affect the provisioning potential of such areas. Thus, sensitive 
management strategies are needed to sustain balanced provision of multiple types of ES 
(Bennett et al., 2009). 
 
ES trade-offs and synergies have been quantified using various numerical and statistical 
approaches, including: 
 Calculation of exploratory statistics and subsequent comparison in relative terms, 
supplemented by comparison of spatial datasets (Nelson et al., 2009; Goldstein et 
al., 2012; Harmáčková and Vačkář, 2015), 
 Application of correlation, principal component analysis and cluster analysis,  
supplemented by comparison of spatial datasets (Raudsepp-Hearne et al., 2010; 
Haase et al., 2012; Queiroz et al., 2015), 
 Calculation of an indicator comparing relative change in the provision of ES 
compared to a unit change in one selected ES, e.g. climate regulation (Nelson et 
al., 2010). 
A broad array of approaches to compare the provision of different ES and assess their 
trade-offs is related to economic evaluations, leading to comparisons in monetary terms, 
such as in the studies conducted within the TEEB initiative (TEEB, 2010) and others 
(Dymond et al., 2012). Nevertheless, approaches to economic evaluation were generally 
outside the scope of this study, which focused on a biophysical modelling framework. 
 
1.6 Future provision of ecosystem services 
1.6.1 Driving forces of ecosystem change 
The provision of ES is conditioned by unimpaired state and functioning of ecosystems. 
However, current abrupt pace of ecosystem change on local, regional and global scales 




Global ecosystem change is induced by multiple indirect and direct drivers of both 
anthropogenic and environmental character. Furthermore, interactions among these drivers 
generate synergic or additive effects (MA, 2005). Thus, global ecosystem change 
is triggered by demographic, economic, technological and institutional driving forces, 
which in turn influence climate change, land transformation, pollution, biodiversity loss 
and other phenomena, affecting ecosystem extent and condition (Vitousek et al., 1997; 
MA, 2005). 
First, climate change present a global-scale effect of these driving forces, influencing 
spatial distribution and resilience of ecosystems by changes in temperature and water 
regimes (IPCC, 2014). Second, habitat conversion, pollution, hunting and fishing, as well 
as biotic invasions, lead to unprecedented biodiversity loss, further affecting the potential 
of ecosystems to provide ES (Cardinale et al., 2012; Hooper et al., 2012; CBD, 2014). Last 
but not least, land transformation processes, such as intensification, forestry, grazing 
and land clearing, induce land use and land cover (LULC) change, which is fundamental 
for the existence of ecosystems and the provision of ES (Foley et al., 2005). 
1.6.2 Scenario approach 
The provision of ES is influenced by multiple direct and indirect drivers of both 
environmental and anthropogenic character, among others including climate change, 
LULC change and socio-economic changes. Thus, in order to examine potential future 
provision of ES, it is vital to incorporate these drivers into a consistent framework, robust 
towards uncertainties. 
Estimates of potential future development in various areas (climate, markets, 
the environment, etc.) are inherently burdened by uncertainties (MA, 2005; Haines-Young 
et al., 2011). To deal with this issue, multiple approaches have been designed. For instance, 
simple mathematic trend extrapolations or statistical model projections present the most 
intuitively understandable examples of such approaches. However, all attempts to project 
current trends into the future, or to model future development based on current conditions, 
are inherently encumbered by high levels of uncertainty. Furthermore, trend extrapolations 
and projections overlook phenomena such as unpredictable abrupt changes, regime-shifts 
and other traits of complex adaptive systems, making projection prone 
to misconceptualizations and errors (Rounsevell and Metzger, 2010). 
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Therefore, a so called scenario approach has been established within both research 
and practitioners’ communities as an alternative method, allowing us to study potential 
future development from different perspectives. Scenarios present alternative
1
 futures, 
plausible, but also including various types of changes, which may seem improbable 
from the current perspective but are highly informative in terms of potential future 
challenges (Figure 3) (Peterson et al., 2003). 
Noticeably, among multiple types of scenarios, exploratory and normative scenarios are 
commonly distinguished (Rounsevell and Metzger, 2010). While normative scenarios 
analyse pathways leading to certain desired goals, exploratory scenarios aim to “describe 
future events or developments that are considered possible and can be useful in a process 
of developing robust strategies design” (Milestad et al., 2014). 
In this perspective, exploratory scenarios do not present forecasts of the future; quite 
the contrary, they are designed as extreme limits between which the real landscape 
development will probably occur (Rounsevell and Metzger, 2010), aiming to outline 
potential contrasting trends and extremes, which give the boundaries to probable future 
development. 
 
Figure 3. Conceptualization of the scenario approach. 
(Source: Author’s elaboration) 
                                                          
1
 Unlike in the Czech language, where the term “alternative” generally refers to a choice between two 
options, in English, the meaning of  “alternative” refers to two or more possibilities 
(http://www.oxfordlearnersdictionaries.com/), which is widely reflected in international literature 
on scenarios (Peterson et al., 2003; Nelson et al., 2009; Goldstein et al., 2012). Therefore, we comply 
with the letter understanding of this term in this thesis. 
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1.6.2.1 Climate change scenarios 
In climate science, scenarios are applied to mitigate extensive uncertainties regarding 
green-house gas emissions, future radiative forcing of climate change and consequent 
responses by human society. Thus, the global climate-research community has 
development several successional arrays of emission scenarios. Such scenarios assume 
different potential future levels of green-house gas emissions, and serve as the basis for 
subsequent modelling of radiative forcing and climate change. These scenarios typically 
incorporate (or are linked to) socio-economic storylines, which may lead to given level 
of green-house gas emissions (Moss et al., 2010). 
The two most recent sets of emission scenarios are represented by scenarios from 
the Special Report on Emissions Scenarios (SRES) (Nakićenović et al., 2000), used in the 
Fourth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC, 
2007), and the Representative Concentration Pathways scenarios (RCP) (Moss et al., 2010; 
van Vuuren et al., 2011), utilized in the Fifth Assessment Report of the Intergovernmental 
Panel on Climate Change (IPCC, 2014). Both series of scenarios have been consecutively 
used to predict potential future level of climate change, among others in terms 
of temperature rise (Rogelj et al., 2012). 
While each SRES scenario was linked to a specific socio-economic storyline (Nakićenović 
et al., 2000), leading to a given level of green-house gas emissions and radiative forcing, 
for the RCP scenarios, a matrix approach was selected (van Vuuren et al., 2014). This 
approach presumes that each of the radiative forcing levels from different RCP scenarios 
can be reached by multiple socio-economic pathways, denoted as Shared Socioeconomic 
Pathways (Kriegler et al., 2014; Neill et al., 2014). 
The SRES and RCP scenarios have been repeatedly applied as an input  in modelling 
potential future LULC change. While the LULC scenarios based on SRES emission 
scenarios (Settele et al., 2005; Dendoncker et al., 2006; Rounsevell et al., 2006; 
Spangenberg, 2007; Spangenberg et al., 2012) are available for Europe in a fine spatial 
resolution (see the Methods section for further details), RCP-based LULC scenarios are 
currently available only at global scale and in a coarse resolution, not eligible for local-
scale applications (Hurtt et al., 2011). 
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1.6.2.2 Land use and land cover change scenarios 
Many driving forces affecting the provision of ES can be described in terms of LULC 
change (Verburg et al., 2004; Metzger et al., 2006). Therefore, LULC scenarios are 
commonly utilized to translate the influence of various human-driven driving forces 
(Rounsevell et al., 2012) and can serve as the basis for analysing the changes in ES 
(Bennett et al., 2003).  
In the recent literature, evidence of LULC scenario approach applications can be found 
in multiple studies, including local and regional case studies (Nelson et al., 2009; Goldstein 
et al., 2012), national scale studies (Verburg et al., 2006) and European-scale arrays 
of LULC scenarios (Ewert et al., 2005; Rounsevell et al., 2005, 2006; Verburg et al., 
2007). 
The scenario approach allows depicting plausible LULC development under different 
intensities of driving forces, and provides the opportunity to compare ES outcomes. 
Finally, the levels of ES under each scenario can be compared and the resulting trade-offs 
between scenarios can be easily communicated to public and decision-makers. 
The approach of LULC scenarios does not strive to make predictions; on the contrary, 
it aims to create a set of dissimilar alternatives to capture the uncertainty of future 
development (Rounsevell and Metzger, 2010). 
 
1.7 Research aims and questions 
The overarching aim of the thesis was to compile a coherent modelling approach providing 
a novel perspective on SES dynamics while using the concept of ES, and to test this 
modelling and participatory methodological approach in selected SES, represented 
by UNESCO Biosphere Reserves.  
First, we aimed to contribute to transdisciplinary research of SESs by developing 
a methodology to build future LULC change scenarios based on stakeholder engagement. 
To demonstrate the methodology, two UNESCO Biosphere reserves in the Czech Republic 
were selected as representative and well spatially defined SES, namely Třeboň Basin 
Protected Landscape Area and UNESCO Biosphere Reserve (further denoted as Třeboň 
Basin BR), and Šumava National Park and UNESCO Biosphere Reserve (Šumava BR). 
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The second aim of this study was to support decision-making related to sustainable 
landscape management in the case study areas by modelling ES and their trade-offs under 
various participatory LULC scenarios. Although the case study areas are recognized 
as spatially protected within the national legislative system, they currently face intensive 
anthropogenic pressures, demand for natural resources and recreational capacities, which 
causes substantial ecosystem changes in their most vulnerable localities. The assessment 
of potential trade-offs between ES for various scenarios aimed to serve as one of the inputs 
into local landscape decision-making processes. 
Finally, we aimed to contribute to the development of LTSER in Czech biosphere reserves 
by quantifying the impact of anthropogenic driving forces on the provision of ES, 
employing a combination of approaches from social and natural sciences, namely 
participatory stakeholder engagement with LULC and ES modelling. 
The thesis postulated the following research questions: 
1. How to build exploratory scenarios of future LULC change based on combination 
of quantitative and participatory approaches? Which methods can be applied 
to (1) conduct a participatory analysis of SES dynamics, and (2) transform 
the results into future LULC change scenarios? 
2. Which combination of spatially explicit modelling approaches can be utilized 
to assess ES and their trade-offs under future scenarios in a coherent manner? How 
to coherently quantify ES and predict their future development? 
3. What are the synergies and trade-offs in the future provision of ES under different 
landscape management scenarios  in selected case study areas? 
These research questions lead to a hypothesis that various future landscape management 
options generate different outcomes regarding ES provision and trade-offs. As these 
options are co-defined by natural conditions and stakeholder actions, participatory 







2.1 Research design 
Based on the above introduced aims of the study, successive research steps (described 
in detail in the following sections) were as follows: 
1. To assess socio-ecological dynamics in selected case study areas and to identify 
the most important drivers of ecosystem change, utilizing participatory approaches, 
2. To elicit plausible participatory storylines of future landscape development 
in the study areas, 
3. To create an array of exploratory LULC change scenarios based 
on the participatory storylines, using multiple spatial modelling approaches, 
4. To propose a coherent combination of modelling approaches to assess provisioning, 
regulating and cultural ES for each of the scenarios, 
5. To assess potential trade-offs, emerging between different types of ES, under 
multiple scenarios. 
 
2.2 Study areas 
Both case study areas selected for this study present UNESCO Biosphere Reserves 
and LTSER platforms. LTSER platforms have been established worldwide to enhance 
the understanding of social-ecological systems and to broaden the scope of traditional 
long-term ecological research (LTER) beyond its previous limits (Singh et al., 2013). 
LTSER is able to capture long-term development of social-ecological systems, gradual 
changes of many variables as well as the interrelations between them (Haberl et al., 2006). 
In this respect, biosphere reserves have been proposed as sites particularly suitable 
for LTSER, facilitating to study the sustainability of social-ecological systems 
and the impact of various socio-economic driving forces on natural ecosystems (Lotze-
Campen, 2008). Since ES have been identified as one of the linking elements between 
natural ecosystems and human society within a social-ecological system, they provide 
a particularly useful concept for promoting integrated research of social-ecological systems 
and LTSER in the context of landscape management and governance (Collins et al., 2011). 
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Among Czech UNESCO Biosphere Reserves and LTSER platforms, Třeboň Basin BR 
and Šumava BR were selected as case study areas. Since one of the aims of the study was 
to compile a comprehensive methodology to study social-ecological systems’ dynamics 
and to assess multiple types of ES under future scenarios, it was necessary to select 
a sample of case-study areas covering multiple types of social-ecological systems 
and providing an illustrative range of ES types. The selected biosphere reserves present 
different types of social-ecological systems, with diverse landscape character and distinct 
prevalent types of use, thus providing mutually complementing sets of ES. At the same 
time, both areas face intensive anthropogenic pressures with unclear landscape 
development perspectives to the future, which makes the outcomes of local socio-
ecological research particularly relevant for local landscape-planning and decision-making 
agendas. 
In this thesis, we developed a coherent methodology to assess ES trade-offs, 
and subsequently illustrated this methodology on a sample of SES, which were 
representative in terms of landscape and ES diversity. Thus, we did not aim to compare 
the two selected case study areas, but rather to conduct their parallel analysis 
with the application of the same methodological framework in different conditions. 
2.2.1 Třeboň Basin Biosphere Reserve 
Třeboň Basin is located in the south of the Czech Republic 
(49° 00' 13.0961"N, 14° 46' 14.3378"E), covering an area of 700 km
2
, with an altitude 
between 410 and 550 m above sea level (Figure 4). The mean annual temperature 
is approximately 7°C and annual precipitation varies between 600 and 650 mm (Tolasz, 
2007). The study site is located in a flat, semi-natural landscape, most distinctively 
characterized by coniferous forests, wetlands, wet meadows and artificial water reservoirs 
(fish ponds) (Figure 5). According to CORINE Land Cover 2006 (EEA, 2007), coniferous 
forests occupy 45% of the study site, followed by agricultural land (25%), pastures (11%) 
and water bodies (7%) (Figure 6).  
Since the 15th century, Třeboň Basin landscape has been modified by human activities, 
primarily fish-farming, and it has been highly valued due to its natural and cultural assets. 
Třeboň Basin was designated UNESCO Biosphere Reserve and LTER site in 1977 
and several local fishponds and peat lands have been designated as wetlands 
of international importance under the Ramsar Convention on Wetlands. In addition, it was 
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declared as Protected Landscape Area (PLA) at the national level in 1977. Třeboň Basin 
area has an extensive record of research, including biodiversity, ecology of ecosystems 
and traditional discussion between different stakeholders dating back to the 1970s (Jeník 
and Přibyl, 1978; Pokorný et al., 2000).  
Although Třeboň Basin was declared PLA, several exploitive activities are still permitted 
within its boundary as a legal consequence of previous protection regimes. At the same 
time, it draws the interest of several businesses due to the economic potential of local 
natural resources. Therefore, Třeboň Basin presently faces potential threats 
from a complex of human activities, such as intensive fish-farming, sand and gravel 
mining, and biogas energy production (which serve as an energy supply for spas 
in Třeboň). The main impact of fish-farming, practiced in nearly five hundred fishponds 
ranging between 0.1 and 700 hectares, is intensive fertilization. Subsequent effects include 
pond eutrophication, excessive development of algae and cyanobacteria, extreme 
fluctuation of oxygen levels and nutrient loading to surrounding landscape, leading 
to decrease in productive and recreational potential of the landscape (IUCN, 1996). Sand 
and gravel mining concentrates along water courses and threatens to affect some 
of the most valuable local ecosystems. Regarding the impact of agricultural use on local 
landscape, potential increase in intensive farming practices including the application 
of pesticides and fertilizers would jeopardize the endeavour to conserve local biodiversity 
levels and ecosystem processes. Beside fish-farming and agriculture, Třeboň Basin 
is an important destination for tourism and recreation, which presents another source 
of pressure on this vulnerable area. In sum, the study area faces the question whether 
to sustain current levels of landscape protection, or to promote economic growth 





Figure 4. Localization of two case-study UNESCO Biosphere Reserves, Třeboň Basin BR 
and Šumava BR (based on data by AOPK ČR). 
(Source: Author’s elaboration) 
 
Figure 5. Landscape character of Třeboň Basin UNESCO Biosphere Reserve 




Figure 6. The land use and land cover of Třeboň Basin BR (based on CORINE Land Cover 
2006). 
(Source: Author’s elaboration) 
2.2.2 Šumava Biosphere Reserve 
The Šumava Mountains (49°01'26.6300" N, 13°29'57.5362" E), located in the south 
of the Czech Republic, present one of the most ecologically valuable forested montane 
ecosystems in Central Europe (Figure 4, Figure 7). According to CORINE Land cover 
2006 (EEA, 2007), local landscape comprises mainly near-natural and semi-natural 
coniferous forests (59%), pastures (14%), marshes and peat-bogs (2.4%), and glacial lakes 
(Figure 8). The most pristine area of the Šumava Mountains has been protected since the 
1960s and declared National Park (NP) in 1991, surrounded by a buffer zone of the PLA. 
Both the NP (680 km
2
) and the PLA (996 km
2






Figure 7. Landscape character of Šumava UNESCO Biosphere Reserve 
(Source: Josef Brůna) 
 
Figure 8. The land use and land cover of Šumava BR (based on CORINE Land Cover 2006). 
(Source: Author’s elaboration) 
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In order to capture broader context of the area, this study focused on Šumava UNESCO 
Biosphere Reserve, not solely on the area of the NP. The study area is situated between 
467-1378 meters above sea level (m a.s.l.), with average temperatures approximately 6°C 
in 750 m a.s.l. and 3°C in 1,300 m a.s.l. The average annual precipitation varies between 
800 and 1550 mm, while average annual potential evapotranspiration reaches 
approximately 450 mm (Tolasz, 2007). The study area comprises 32 municipalities, 
out of which only 10 reach over 500 inhabitants. The area struggles with decreasing 
population and increasing average age of the inhabitants in local municipalities in the long 
term (Novotná and Kopp, 2010; Perlín and Bičík, 2010). An extensive artificial water 
reservoir (Lipno) is located in the southern part of the study area, contributing to numerous 
benefits including drinking water, hydropower and recreational opportunities. 
Together with the neighbouring Bavarian Forest NP in southeast Germany, Šumava NP 
covers one of the largest forested areas in central Europe, providing a wide array of ES 
and high biodiversity levels. The area provides habitats for numerous threatened species 
such as lynx (Lynx lynx) and capercaillie (Tetrao urogallus) and contains several sites 
of pristine Norway spruce (Picea abies) forests in higher altitudes. The majority of local 
habitats are not influenced by human settlements, since most of the former German-
speaking inhabitants were expelled after the World War II and the area became a part 
of the abandoned border zone (Novotná and Kopp, 2010). Šumava NP has been recognised 
by the International Union for Conservation of Nature (IUCN) (category II – National 
Park) and reflected in several international conventions, e.g. Ramsar Convention 
designating the most pristine peat-bogs as wetlands of international importance. Šumava 
NP is also a part of the Natura 2000, a network of sites protected within EU biodiversity 
and conservation policy directives. 
Šumava is covered by the most extensive forest ecosystem in Central Europe; however, 
the natural composition of the originally mixed beech, pine and spruce forest has been 
altered, and at present, semi-natural spruce plantations prevail in most of the area. 
Non-native spruce varieties were planted in several locations as a result of human demand 
for fuelwood and timber (for glass industry in the past). Spruce (Picea abies) vegetation 
is not well adapted to local climate and has been susceptible to a range of disturbances 
such as strong winds and bark beetle (Ips typographus) outbreaks (Kindlmann et al., 2012).  
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LULC change have been moderate in the past two decades in the study area due to its 
declaration as NP. However, intensive tourism and forestry demand has resulted 
in increasing LULC change, represented mainly by urbanization and changes in forest 
management. Both of these changes are limited as the area of the NP is strictly protected. 
Nevertheless, recent windstorms (in 2007 and 2011) and subsequent bark beetle outbreaks 
resulted in intensive logging and have given rise to strong discussions about the best 
management approach and the extent of protected areas in the NP (especially non-
intervention zones). At the same time, there are numerous development plans intending 
to build large-scale touristic resorts, which might change the current level of construction 
in both qualitative and quantitative ways (EIA Servis, 2011). 
Since the establishment of the NP, the concept of the area’s management has been 
repeatedly changing, which has resulted in several substantial changes in zonation 
and conservation approaches. The management of the NP is subject to several disputes, 
especially between the administration of the NP, environmental groups 
and non-governmental organizations, scientists and local interest groups, including 
representatives of municipalities and businesses. The park is split into three zones: Zone I 
is the most pristine and strictly protected part of the NP, Zone II includes the near-natural 
ecosystems that were variously influenced by human activities in the past, and Zone III has 
areas which enable a wide variety of socio-economic activities (Figure 9). Zones I and II 
present an equivalent to core zones under Czech legislation. At present, Zone I of the NP 
consists of several small-scale and disconnected patches, scattered around the area 
of the NP, while some of them are partly non-interventionist. Currently, the legislation 
designing the NP is being revisited within the process of adjusting the vision of the NP 




Figure 9. The zonation of Šumava NP (based on data by AOPK ČR). 
(Source: Author’s elaboration) 
 
2.3 Participatory scenario building 
The aim of the first part of the study was to create exploratory scenarios of how 
the landscape in the case study areas might develop in the medium-term future (2050), 
in order to subsequently use these as a basis to assess what is the potential impact 
of different landscape changes on the provision of ES and the trade-offs between them. 
Furthermore, we aimed to elicit which ES local stakeholders find fundamental in the case 
study areas, in order to focus on these services in the subsequent analysis. 
By the use of exploratory scenarios in this study, we aimed to find probable boundaries 
of future landscape development and to assess the provision of ES within the interval 
defined by these boundaries (Goldstein et al., 2012; Lorencová et al., 2013). 
Furthermore, we aimed to build scenarios which would capture both the locally-specific 
landscape dynamics and broader-scale trends in landscape change. To do so, we applied 
an approach combining participatory and GIS approaches, compiling participatory input 
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from local stakeholders in both study areas with European-scale scenarios, as described 
in the following sections. 
We would like to emphasize that in this study, we did not aim to conduct a sociological 
survey. Quite the contrary, we aimed to apply the approach of participatory planning, 
nested in sustainability science and SES studies, in order to elicit stakeholders’ knowledge 
of the dynamics of SESs, and to identify their opinions and priorities regarding future 
landscape development through individual and group discussions, interviews and exercises 
(Reed, 2008; Termorshuizen and Opdam, 2009; EEA, 2012; Fagerholm et al., 2013; Celio 
et al., 2015). 
Stakeholder engagement presents a fundamental part of social-ecological research (Reed, 
2008). Nevertheless, it is encumbered by numerous issues, such as ensuring 
the engagement of all key stakeholder influencing the study areas, as well as achieving 
sufficient participation rates. For both of the case studies, specific issues regarding 
stakeholder involvement are addressed in the following respective sections and further 
elaborated in the Discussion section. 
2.3.1 Třeboň Basin Biosphere Reserve 
To create a series of scenario storylines, characterizing the most important driving forces 
and their impact on local landscape and ecosystems, we applied the approach 
of participatory scenario building and collaboration with local stakeholders (Peterson et al., 
2003; Reed et al., 2013). In the initial stage of the study, we identified local stakeholders 
either substantially influencing the land use regime in Třeboň Basin, or having an expertise 
in the driving forces forming the landscape of the case study area. The main stakeholders 
involved in the study were chosen to represent industrial, agricultural and touristic sectors 
(a bio-gas power plant company, Třeboň city spas and two private mining companies), 
nature protection (Administration of Třeboň Basin PLA), as well as scientific 
and educational institutes conducting research in the study area (Table 2). 
The involvement of research institutions supplemented the absence of several stakeholders, 
who refused to participate in the scenario building process. Specifically, it was not possible 
to involve the representatives of local fishing industry (Rybářství Třeboň, a.s.) and forestry 
representatives (Lesní správa Třeboň, Lesy České republiky, s.p.). Thus, we elicited 
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plausible trends in these sectors from researchers involved in local hydrological, ecological 
and landscape research. 
In total, 17 stakeholders were addressed to participate in the research. Since especially 
the participants from universities and research institutes showed a high response rate, 
we eventually gained 14 participants. Due to research funding limitations, it proved 
unfeasible to organize group scenario building workshops in Třeboň Basin BR case study. 
Therefore, we applied the approach of semi-structured interviews and individual 
discussions with the participants. 
 
Table 2. A list of stakeholders involved in the process of participatory scenario building in 
Třeboň Basin BR. 
Sector Institute/Agency 
Nature protection The Administration of Třeboň Basin PLA 
Industry BIOPLYN Třeboň spol. s.r.o. 
 Českomoravský štěrk, a.s. 
 LB MINERALS, s.r.o. 
Tourism and recreation Třeboň Spas 
Research and education University of South Bohemia in České Budějovice 
 Czech University of Life Sciences Prague 
 ENKI, o.p.s. 
 Daphne 
 Global Change Research Institute CAS 
 
The participatory scenario building was conducted through a series of semi-structured 
interviews and organized discussions with stakeholders, who were asked to identify driving 
forces most characteristic and important for local landscape from their professional 
perspective and their field of expertise. Subsequently, it was elicited how these driving 
forces influence the study landscape at present, and how they might be potentially 
expressed in the future. Finally, the stakeholders were asked to describe how they assume 
the landscape might develop in the medium-term future (2050) and what would be their 
preferences in terms of landscape development from their professional perspective. 
The results of the interviews were grouped based on the dominant topics identified, 
and subsequently clustered into several coherent scenario-storyline narratives, namely 
the Market storyline, the Exploitation storyline, the Business-as-Usual (BaU) storyline, 
the Conservation storyline and the Biofuels storyline (see the Results section). 
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2.3.2 Šumava Biosphere Reserve 
Similarly, the first step in Šumava BR was to elicit local stakeholders' preferences 
regarding possible future development of the area, the level of nature conservation 
and economic development. Since the number of stakeholders involved in landscape 
development in this study area was higher than in the case of Třeboň Basin BR, 
it was decided to use the approach of participatory scenario building workshops, instead 
of individual interviews and discussions. 
Hence, two participative workshops were organised for various groups of stakeholders, 
covering all key sectors in the area and representing a broad range of perspectives (Table 
3). The workshops aimed at participative scenario building, i.e. creating visions of future 
development of the study area by developing a series of storylines describing potential 
future development of the study area through 2050. In the first round, we addressed 
20 selected stakeholders; however, we had to address another 10 stakeholders in the second 
round due to a low response rate, eventually gaining 15 attendees. 
Table 3. A list of stakeholders involved in the process of participatory scenario building 
in Šumava BR. 
Sector Institute 
Local authorities Mayors of the municipalities in the South Bohemian Region 
Regional development Regional Development Agency of Šumava Region 
Conservation The Administration of Šumava NP 
Research and education University of South Bohemia in České Budějovice 
Energy Representatives of local energy production agency 
Water management 
authorities 
The Vltava Catchment 
Agriculture Representatives of local private agricultural enterprises 
Tourism and recreation Local guides and representatives of private touristic enterprises 
 
Since we were aware that the idea of scenario building would be rather unfamiliar 
for the stakeholders, the workshops started with introductory presentations explaining 
the concept of future scenarios  and participative scenario building (Metzger and 
Rounsevell, 2010; Rounsevell and Metzger, 2010). Following the introduction, 
the stakeholders were involved in an array of sub-group discussions and interviews. 
They were asked to follow a list of key economic sectors and issues characteristic 
of the area (demographic and economic development, tourism and recreation, agriculture, 
water management, nature conservation, etc.), and to formulate their preferences 
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and expectations regarding each of the topics. They were also encouraged to add their own 
insight and issues of interest into the storylines. Due to the substantially different 
backgrounds of the stakeholders involved, we did not insist on reaching a consensus 
on a single vision among all stakeholders, but recommended trying to come 
to an agreement on one vision per stakeholder group. Eventually, the stakeholders 
identified three storylines denoted as the Green scenario, the Red scenario and the Shared 
vision (see Results). Stakeholders’ input thus resulted in an array of narratives, which were 
further translated into LULC change scenarios using GIS approaches. 
 
2.4 Land use and land cover change scenarios 
Since our aim was to further utilize the scenarios of landscape development 
for the assessment of ES, it was necessary to translate the scenario storylines, created 
during participative scenario workshops and interviews, into spatially explicit LULC 
scenarios, describing specific changes in landscape composition and configuration, which 
would subsequently serve as an input into ES modelling.  Furthermore, we aimed 
to connect the stakeholder storylines with data on larger-scale landscape dynamics.  
Therefore, we combined current LULC datasets (CORINE Land Cover; EEA, 2007), 
European-scale dynamic LULC change scenarios (ALARM; Settele et al., 2005) 
and stakeholder input from the previous parts of the study, using methods of spatial 
modelling available through the ArcGIS platform (ESRI, 2013). The conceptual 
framework of this approach is outlined by Figure 10 and its components and steps 




Figure 10. Conceptual framework of the modelling process applied to build an array of land 
use and land cover change scenarios for two case study areas 
(Source: Author’s elaboration) 
 
2.4.1 CORINE Land Cover 
CORINE Land Cover (CLC; EEA, 2007) datasets are freely available European maps 
of LULC, provided by European Environment Agency. CLC categorizes different LULC 
types into 30 classes in the Czech Republic, of which 18 were present in our study sites. 
The resolution of CLC corresponds to a map scale of 1:100,000 and the datasets are based 
on a minimum mapping unit of 25 ha. The CORINE Land Cover category classification 
was used to distinguish LULC types in this study and was maintained in all scenarios. 
2.4.2 ALARM scenarios 
The European scale LULC change scenarios used to incorporate European-scale landscape 
dynamics in this study were ALARM scenarios, developed within the 6
th
 Framework 
Programme ALARM project (Assessing Large-scale environmental Risks for biodiversity 
with tested Methods) (Settele et al., 2005; Rounsevell et al., 2006). These dynamic LULC 
scenarios were originally developed to project the impact of social and economic pressures 
on biodiversity in Europe, reflecting major European-wide socio-economic 
and environmental trends. Subsequently, to enable use in national to regional studies, 
the scenarios were downscaled to a country-specific level in the Ecochange project 
(Challenges in assessing and forecasting biodiversity and ecosystem changes in Europe; 
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Dendoncker et al., 2006). At present, the ALARM scenarios present the only available 
comprehensive set of European-level scenarios with a fine spatial resolution (100 m x 100 
m grid cell). 
In terms of climate change characteristics, each of the ALARM scenarios is linked 
to a specific IPCC SRES emission scenario, with corresponding climate change projection 
(Nakićenović et al., 2000) (Table 4). 
As an input into this study, we used three ALARM scenarios, incorporating a broad range 
of social, economic, political and geo-biosphere parameters, which are reflected in LULC 
changes in several time slices including 2020, 2050 and 2080 (Rounsevell et al., 2006; 
Spangenberg, 2007; Spangenberg et al., 2012). The main characteristics of the three 
ALARM scenarios used in this study are summarized below and in Table 4. 
1. Business As Might Be Usual (BAMBU) presents a scenario extrapolating 
the expected socio-economic trajectories in EU decision making and policy, based 
on current knowledge, and assessing their potential impacts on sustainability 
and biodiversity. This scenario thus assumes that policy decisions already made 
in the EU will be implemented and enforced, while potential new ones will follow 
the same development path. Thus, it should be noted that BAMBU does not present 
a business as usual (BAU) scenario, based merely on extrapolation of past trends. 
At the national level, deregulation and privatization continue except for “strategic 
areas”. Internationally, free trade is the overarching principle. Environmental policy 
is approached mainly from a technological perspective, focusing on tackling 
challenges by innovation, market incentives and legal regulation, resulting in a mix 
of market liberalism and socio-environmental sustainability policy. 
2. GRowth Applied Strategy (GRAS) presents a liberal, growth-focused scenario, 
describing a world based on economic principles such as the prevalence 
of the market, free trade and globalization. The primary means of implementation 
is deregulation (with certain limits), while economic growth presents a key 
objective, actively pursued by politics and governments. The scenario policies 
show limited interest in social and institutional sustainability; economic 
sustainability is interpreted mainly as economic growth. Environmental policy 
focuses mainly on damage repair, while the scale and scope of preventive actions 
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is designed solely based on cost–benefit calculations. Measures for biodiversity 
protection (and other environmental problems) are limited and are only taken 
retroactively, when problems emerge. Regarding climate change, GRAS focuses 
on adaptation rather than mitigation, with some measures taken to limit climate 
change.  
3. Sustainable European Development Goal (SEDG) presents a normative scenario, 
i.e. a scenario designing a course of development necessary to reach a certain 
target. In this case, SEDG focuses on achieving socially, environmentally 
and economically sustainable development. Policy priorities under SEDG include 
halted biodiversity loss, a competitive economy and a healthy environment, gender 
equity and international cooperation. SEDG presents a precautionary approach, 
aiming to take measures regardless the uncertainty, in order to avoid not yet fully 
known future damages. 
Table 4. Summary of the ALARM scenarios in terms of EU policy targets (according 
to Spangenberg et al., 2012). 
Scenario GRAS BAMBU SEDG 
Climate 
projection 
Corresponds to the IPCC 
SRES A1FI storyline 
and its assumptions 
SRES A2 (the best 
fitting SRES scenario 
available at the time of 
calculation, though 
SRES A1B would have 
fitted better to past 
emission trajectories) 
SRES B1 (SRES 
scenario with the 
lowest emissions, but 
not as low as 450 
p.p.m. CO2 
stabilization assumed 




















pillar results in 
polarisation: 
intensification of high 
yielding locations, 
neglect of low yielding 
ones 
Spatially explicit 
support structure to 
maintain (organic) 
agriculture throughout 
the landscape (only the 
2
nd
 pillar transfers 
remain) 
EU funds Phasing out, considered 




growth in poor regions 





Energy policy Efficiency, some 
renewable energies 
based on cost 
Efficiency, aiming at 
20% reduction of 
greenhouse gas 
Aiming at 75% 
reduction of CO2 
emissions by 2050 
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Scenario GRAS BAMBU SEDG 
calculations emissions by 2020, 
80% by 2080. Increase 




patterns and renewable 
energies 
Transport policy Increased efficiency due 
to market pressure, no 
policy to shift the modal 




change in share of 
different modes of 
mobility (walking, 
cycling, trains, cars, 
boats, planes) – modal 
split 
Transport reduction 
priority, plus modal 








Focus on innovation and 
competitiveness 
REACH implemented REACH plus; filling 
gaps, e.g. for nano-
materials, endocrine 
disruptors, metals. 
Trade policy Strong support for World 
Trade Organization and 
free trade 
Promoting free trade 








*REACH – Registration, Evaluation, Authorization and Restriction of Chemical Substances 
 
2.4.3 Stakeholder input 
In order to translate stakeholder storylines into spatially explicit LULC change scenarios, 
each scenario-storyline narrative developed by the stakeholders was transformed into 
a hierarchy of LULC change priorities. These priorities described which types of LULC 
are more probable to be replaced by other types in the future under different scenarios, 
and vice versa, which types of LULC will probably remain in their original extent 
or expand. 
For the scenario storylines assuming high levels of nature protection (the Conservation 
scenario in the case of Třeboň Basin BR and the Green scenario in the case of Šumava 
BR), the LULC priority hierarchy was as follows: 
 
(𝑝𝑓;  𝑝𝑝𝑏;  𝑝𝑤𝑏;  𝑝𝑤) > (𝑝𝑏;  𝑝𝑝;  𝑝𝑝𝑎) > (𝑝𝑎;  𝑝𝑚) (1) 
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where 𝑝𝑓  represented the priority of forest LULC category, 𝑝𝑝𝑏  represented the priority 
of peat-bogs, 𝑝𝑤 the priority of wetlands and 𝑝𝑤𝑏 the priority of water bodies. Similarly, 
𝑝𝑏 represented the priority of built-up areas, 𝑝𝑝 the priority of pastures and 𝑝𝑝𝑎 the priority 
of land principally occupied by agriculture. Finally, 𝑝𝑎represented the priority of arable 
land and 𝑝𝑚 the priority of mining sites. Furthermore, all mining sites were transformed 
to water bodies in this scenario as a result of potential restoration measures. 
The storylines assuming moderate changes in the landscape, corresponding 
with the current landscape trends (the BaU scenario in Třeboň Basin BR and the Shared 
vision in Šumava BR), were characterized by the following priority hierarchy, generally 
preserving current LULC patterns: 
 
(𝑝𝑏;  𝑝𝑓;  𝑝𝑤) > (𝑝𝑎;  𝑝𝑤;  𝑝𝑝𝑏) > (𝑝𝑝;  𝑝𝑝𝑎;  𝑝𝑚 ) (2) 
The group of storylines assuming high level of exploitive anthropogenic activities 
(the Exploitation scenario in the case of Třeboň Basin BR and the Red scenario in the case 
of Šumava BR), the LULC hierarchy prioritized built-up areas, mining sites 
and intensively managed agricultural land over extensively managed agricultural areas, 
wetlands, peat bogs and forests: 
 
(𝑝𝑏;  𝑝𝑚;  𝑝𝑎;  𝑝𝑤) > (𝑝𝑝𝑎) > (𝑝𝑝) > (𝑝𝑤;  𝑝𝑝𝑏;  𝑝𝑓) (3) 
Furthermore, in Třeboň Basin BR case study, all prospective mineral extraction sites were 
considered as realized in the Exploitation scenario and replaced the current LULC, since 
the local stakeholders assumed an intensification of mining activities in the study area 
in this storyline, due to expected increasing demand for sand and gravel for potential 
construction of extensive strategic infrastructure (e.g. power plants, dams) in the Czech 
Republic in the forthcoming decades. The data on potential mining sites in the study area 
were provided by the Czech Geological Survey. In this scenario, pastures (𝑝𝑝 ) were 
transformed to land principally occupied by agriculture (𝑝𝑝𝑎), due to an increasing local 
demand for agricultural products, e.g. corn, as a raw material for biogas production. 
Similarly, peat bogs (𝑝𝑝𝑏) were assumed to be intensively utilized and finally transformed 
into water bodies as a restoration approach (𝑝𝑤). 
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For the Market and the Biofuels scenarios in Třeboň Basin BR, the storylines were fully 
in line with the original ALARM scenario storylines; therefore, in the Market scenario, 
the highest prioritized LULC types were forests (𝑝𝑓) and built-up areas (𝑝𝑏), replacing 
transitional woodland-shrub (𝑝𝑤𝑠) and non-intensive agricultural areas (𝑝𝑝𝑎; 𝑝𝑝) (equation 
(4)). The Biofuels scenario prioritized arable land (𝑝𝑎) for biofuels production against all 
other agricultural LULC types (𝑝𝑝𝑎 ;𝑝𝑝 ). Furthermore, as a result of sustainable forest 
management, transitional woodland-shrub (𝑝𝑤𝑠) was assumed to be replaced by forests 
(𝑝𝑓) (equation (5)). 
 
(𝑝𝑓;  𝑝𝑏;  𝑝𝑤) > (𝑝𝑎) > (𝑝𝑝𝑎;  𝑝𝑝;  𝑝𝑤𝑠) 








The priority of water bodies (𝑝𝑤) remained in the higest group in all scenarios, since 
the extent of this land cover type was not assumed to change in the future. 
2.4.4 Modelling process 
In order to combine the above introduced European-scale dynamic LULC scenarios with 
stakeholder inputs, we followed a modelling approach outlined in Figure 11 using 
the ArcGIS platform (ESRI, 2013).  
1. First, we overlaid the ALARM 2050 LULC scenarios with CORINE Land Cover 
2006 at 100 x 100 m resolution and identified all changed raster grid cells, their 
initial LULC category and the final LULC category. 
2. Second, we grouped all cells characterized by different character of LULC change 
(e.g. forests to grasslands, grasslands to built-up) into separate datasets.  
3. These individual cell-change datasets were then combined with the LULC change 
priority hierarchies derived from stakeholder storylines. In this step, the LULC 
change trends identified by the stakeholders as highly improbable in the study area 
were removed from the LULC change database; on the contrary, we supplemented 
each cluster by locally specific trends proposed by the stakeholders. 
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4. Based on the storyline hierarchies, the cell-change databases were simultaneously 
grouped into several clusters of LULC changes, corresponding to individual 
storylines. 
5. Finally, we used each change cluster as an update to CLC2006, gaining an array 
of participatory LULC scenarios to 2050 corresponding to stakeholder storylines. 
 
 
Figure 11. The framework for the modelling of land use and land cover change scenarios 
(Source: Author’s elaboration) 
Each participatory LULC scenario built in this study was partially based on one specific 
ALARM scenario, which, in turn, was originally derived from a certain IPCC SRES 
emission scenario (see section 2.4.2 and Table 4). For instance, the BaU scenario 
for Třeboň Basin BR was derived from the ALARM BAMBU 2050 scenario, which, 
in turn, is based on the A2 SRES scenario. Therefore, there is a direct connection of each 
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of the participatory LULC scenarios in this study to a certain SRES emission scenario. 
For instance, the Market scenario complies with the A1FI SRES scenario, the Biofuels 
scenario complies with the B1 SRES scenario, and all other scenarios in this study comply 
with the A2 SRES scenario (Table 5). 
Thus, each of the participative LULC scenarios created in this study assumes a specific 
emission level of green-house gases and corresponding development of climate 
parameters. To take this into account during the modelling of ES (especially water-related 
ones), it was necessary to pair each participatory LULC scenario in this study 
with a corresponding climate projection. In optimal case, such a climate projection for each 
participative scenario should be based on the same or similar greenhouse-gas emission 
levels as the scenario’s source SRES. In order to achieve this goal, we utilized climate 
projections based on Representative Concentration Pathways scenarios, developed 
by IPCC for its Fifth Assessment Report and presenting the most current version of widely 
accepted emission scenarios (Moss et al., 2010; van Vuuren et al., 2012). In this study, 
we utilized climate projections based on RCP4.5 and RCP8.5 emission scenarios (Table 6), 
provided by Global Change Research Institute CAS, v.v.i, resulting from climate 
modelling with the Aladin-CLIMATE/CZ model for the area of the Czech Republic 
(Štěpánek et al., 2009, 2011). 
Specifically, participative scenarios based on A1F1 scenario were paired with RCP8.5 
climate projections, while the scenarios based on A2 and B1 were paired with RCP4.5 
scenarios based on available comparative studies (Rogelj et al., 2012). For a detailed list 
of combinations between LULC change scenarios and RCP-based climate projections used 
in this study, see Table 5. 
Table 5. Combinations between participative scenarios, ALARM scenarios, SRES scenarios 
and RCP scenarios applied in this study. 
Participative scenario ALARM SRES RCP 
Market GRAS A1FI RCP8.5 
Exploitation BAMBU A2 RCP4.5 
BaU BAMBU A2 RCP4.5 
Conservation BAMBU A2 RCP4.5 
Biofuels SEDG B1 RCP4.5 
Green BAMBU A2 RCP4.5 
Shared vision BAMBU A2 RCP4.5 
Red BAMBU A2 RCP4.5 
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Table 6. Parameters of the baseline climate (2006) and climate change projections to 2050 
based on RCP4.5 and RCP8.5 applied in this study (at the scale of the Czech Republic). 
 Baseline (2006) RCP4.5 (2050) RCP8.5 (2050) 
Average annual temperature 
Average 8.1 9.8 10.3 
Minimum 1.3 2.8 3.3 
Maximum 10.7 12.3 12.8 
Average annual precipitation 
Average 690 760 770 
Minimum 390 450 490 
Maximum 1900 1990 2050 
 
2.5 Ecosystem services assessment 
The main aim of this study was to assess the ES provided by the case study landscapes 
under different scenarios, together with their potential trade-offs.  For this purpose, 
the LULC scenarios developed in the previous steps were used as an input 
into a biophysical assessment of selected ES. 
As we recognize the heterogeneity in the conceptualizations of ES provision and related 
terminology (Villamagna et al., 2013), for the purposes of this study we define 
the provision of ES as the capacity of landscape to generate goods and benefits which 
contribute to human well-being, in accord with (Kareiva et al., 2011). 
In the selection of ES for the analysis, we followed several priorities. First, we focused 
on ES identified as crucial in the case study areas by the stakeholders during participative 
scenario building. Second, we aimed to assess a balanced sample of provisioning, 
regulating and cultural services, to ensure a non-biased input into the analysis of trade-offs 
between different types of ES. Third, we aimed to assess a sample of globally and locally 
beneficial services, such as climate regulation on the one hand and nitrogen retention 
from run-off water on the other. 
The final selection of ES and their relevance for the study areas was as follows: 
1. Třeboň Basin BR:  
a. Crop production: Agricultural production relevant both locally 
and regionally; furthermore, local agricultural production serves as an input 
into local bio-gas generation in Třeboň; 
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b. Timber production: Forestry production utilized both locally and regionally; 
c. Climate regulation: Extensive forests in the study areas serve as a carbon 
sinks and contribute to climate change mitigation; 
d. Water quality regulation in terms of nitrogen and sediment retention: 
Relevant for numerous water reservoirs and fish-ponds in the study area. 
In Třeboň Basin, water reservoirs are exclusively assigned to fish 
production and are characterized by high levels of fertilizer input. Since 
the water from reservoirs is periodically discharged during pond fishing, 
the downstream landscape suffers from excessive loads of phosphorus 
and nitrogen (IUCN, 1996); 
e. Recreation potential: Relevant for the tourism and recreation sector 
as an important source of economic revenues in the area. 
f. Landscape aesthetics: Relevant as the non-tangible benefits enhancing 
the well-being of local citizens, visitor and tourists.  
2. Šumava BR:  
a. Hydropower production: Local water yields contribute to the Lipno 
reservoir, which hosts two hydro-power plants; 
b. Climate regulation: Extensive forests in the study areas serve as a carbon 
sinks and contribute to climate change mitigation; 
c. Water quality regulation in terms of nitrogen and sediment retention: 
Relevant for the Lipno water reservoir; 
d. Recreation potential: Relevant for the tourism and recreation sector 
as an important source of economic revenues in the area. 
e. Landscape aesthetics: Relevant as the non-tangible benefits enhancing 
the well-being of local citizens, visitor and tourists.  
The assessment of all selected ES was conducted at the spatial resolution of 100 m x 100 m 
(1 ha), using multiple spatial explicit modelling approaches based on the type of the ES 
assessed (described in detail below). In general, while the assessment of provisioning 
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services was conducted as a simple pilot analysis of proxy data, cultural services were 
assessed using static spatially explicit modelling approaches; the assessment 
of hydropower production and all regulating services was conducted using the InVEST 
suite of spatially explicit biophysical models. 
The main data sources for all modules of the InVEST are LULC maps, supplemented 
by various environmental and socio-economic parameters (Table 7). A detailed description 
of the modelling assumptions, processes and limitations is provided in (Kareiva et al., 
2011) and (Sharp et al., 2015); therefore, they are not fully reproduced but rather outlined 
for an easier orientation in the modelling processes in this study. 
To assess hydropower production and regulating services in this study, we utilized InVEST 
model versions 2.4.4 and 3.1.3. 
 
Table 7. Data inputs into the InVEST modules utilized. 
Data inputs Data source 
All modules 
Current LULC (baseline) CORINE Land Cover 2006 (EEA, 2007) 
Future LULC (LULC scenarios) Participative LULC scenarios to 2050 
Hydropower production, Water quality regulation: nitrogen retention 
Elevation ZABAGED Contours (ČÚZK, 2013) 
Soil depth SOWAC-GIS Geoportal (VÚMOP, 2014) 
Plant available water content 
Average annual precipitation Climate projections based on RCP4.5 and RCP8.5 
emission scenarios (results of future climate modelling 
with the Aladin-CLIMATE/CZ model for the area of the 
Czech Republic; Global Change Research Institute CAS, 
v.v.i.) (Štěpánek et al., 2009, 2011) 
Average annual potential 
evapotranspiration 
Evapotranspiration coefficients (Sharp et al., 2015) 
Watersheds and subwatersheds DIBAVOD hydrological database (VÚV TGM, 2014) 
Root depth (Canadell et al., 1996; Sharp et al., 2015) 
Water demand by different LULC 
types 
(Sharp et al., 2015), stakeholder consultations 
Nitrogen export coefficients (Reckhow et al., 1980; Sharp et al., 2015) 
Vegetation filtering efficiency (Sharp et al., 2015) 
Climate regulation 
Carbon pools for different LULC types 
(aboveground, belowground, soil, dead 
organic matter) 
Literature review (Smith et al., 1997; Joyce, 2001; IPCC, 
2003, 2006; Mund, 2004; Green et al., 2007; Cienciala et 
al., 2008; Schumacher and Roscher, 2009; Lindsay, 2010; 
61 
 
IFER, 2010; Janous et al., 2010; Truus, 2011; FOREST 
EUROPE et al., 2011; CHMI, 2012; De Simon et al., 
2012; O’Halloran et al., 2013) 
Water quality regulation: sediment retention 
Elevation ZABAGED Contours (ČÚZK, 2013) 
Soil erodibility index (K) SOWAC-GIS Geoportal (VÚMOP, 2014) 
Rainfall erosivity index (R) (Dostál et al., 2006; Janeček and et al., 2012) 
Watersheds and subwatersheds DIBAVOD hydrological database (VÚV TGM, 2014) 
Vegetation filtering efficiency (Sharp et al., 2015) 
 
2.5.1 Provisioning services 
2.5.1.1 Crop production 
To assess crop production, we applied a simple statistical approach based on proxy data, 
introduced by multiple studies worldwide (Raudsepp-Hearne et al., 2010; Queiroz et al., 
2015). This approach assesses potential crop production based on the extent of agricultural 
land in different scenarios. In this study, crop production was assessed based 
on the aggregate area of Non-irrigated arable land present in the baseline landscape in 2006 
and in different LULC change scenarios in 2050. 
This rather simple method was decided not to be combined with predictions of agricultural 
productivity under different climate change scenarios, since the available predictions 
of agricultural production are burdened by a significant level of uncertainties (Rounsevell 
et al., 2005). Therefore, we decided to limit this additional source of uncertainty and to rely 
solely on LULC data. 
2.5.1.2 Timber production 
Similarly to crop production, timber production was assessed based on proxy data, in this 
case the proportion of Broad-leaved forest, Coniferous forest and Mixed forest land present 
in the study areas in the baseline landscape (2006) and the scenarios to 2050 (Raudsepp-
Hearne et al., 2010; Queiroz et al., 2015). Similarly to the case of crop production, it was 
decided not to introduce additional source of uncertainty by incorporating projections 
of future forest productivity under different climate change projections. 
2.5.1.3 Hydropower production 
Potential contribution of ecosystems to hydropower production was modelled 
with the corresponding InVEST module based on water yield provided by the study 
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landscape, contributing to the operation of a local hydropower plant at the Lipno reservoir. 
Conceptually, the contribution to hydropower production is calculated as: 
 
𝐻𝑃 = 𝑓(𝑊𝑦)  (6) 
where 𝐻𝑃 represents hydropower production in kWh per year as a function of average 
annual water yield from the reservoir watershed within the study area (𝑊𝑦). Average 
annual water yield is calculated as the difference between average annual precipitation (𝑃), 
evapotranspiration (𝐸), water retention by ecosystems (𝑊𝑟) and water consumption (𝑊𝑐) 
by different LULC types: 
 
𝑊𝑦 =  𝑃 − 𝐸 − 𝑊𝑟 − 𝑊𝑐  (7) 
In the calculation of water retention by ecosystems ( 𝑊𝑟 ), vegetation type and soil 
parameters are taken into account. 
The main data inputs for the analysis (Table 7) were derived from national sources, 
comprising digital elevation model, soil parameters (soil depth, plant available water 
content), and watershed and sub-watershed boundaries. Climate parameters, namely 
average annual precipitation and evapotranspiration for the baseline year (2006) 
and scenarios to 2050 were derived from RCP-based climate projections provided 
by Global Change Research Institute CAS (Table 5, Table 6). 
The contribution of ecosystems to hydropower production was not quantified for the entire 
area of the case study sites, but only for the watersheds contributing to local water 
reservoirs with hydro-power plants (the Lipno water reservoir in the case of Šumava BR). 
The results were aggregated to the sub-watershed level as recommended by (Sharp et al., 
2015), since the modelling outputs rendered on the scale of grid-cells are not suitable 
for direct interpretation. 
2.5.2 Regulating services 
2.5.2.1 Climate regulation 
The ecosystem service of climate regulation was assessed in terms of the change in carbon 
stocks between the baseline landscape in 2006 and the scenarios in 2050. In this study, 
we define climate regulation in line with (Sharp et al., 2015) as  the sum of carbon stored 
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in the landscape at a certain time, which conveys the capacity of the landscape to regulate 
the amount of greenhouse gases in Earth’s atmosphere. 
Besides  LULC datasets (for the baseline landscape and the scenarios), the input 
parameters of the model comprise the amount of carbon stored in four carbon pools 
(aboveground biomass, belowground biomass, soil carbon and dead organic matter) 
for each LULC category (Table 7, Table 8). This data was compiled from a review 
of studies originating from areas with similar geographic and climatic conditions 
as the study areas, together with IPCC reports (Table 7). The relative root-to-shoot ratio 
for trees was estimated at 0.2 and the fraction of carbon in biomass was set at 50%, 
in accordance with Czech inventories under the UNFCCC (CHMI, 2012). 
In terms of the modelling process, the model sums the amount of carbon stored in each 
raster cell in the baseline landscape and future scenarios and calculates the difference, 
which conveys the change in climate regulation capacity reached under a certain scenario 
(equations (8) –(11)) (Conte, Nelson, et al., 2011). 
 
𝐶𝑥𝑡 = ∑ 𝐴𝑥𝑗𝑡
𝐽
𝑗=1
 (𝐶𝑎𝑗 + 𝐶𝑏𝑗+ 𝐶𝑠𝑗+ 𝐶𝑑𝑗) 
   
(8) 
 
In the first step, the amount of carbon stored in site 𝑥  at time 𝑡  is calculated (𝐶𝑥𝑡 ). 
For each LULC type 𝑗 (𝑗 ∈ 〈1; 𝐽〉), 𝐴𝑥𝑗𝑡 presents the area of 𝑗 in site 𝑥 at time 𝑡, while 𝐶𝑎𝑗, 
𝐶𝑏𝑗 , 𝐶𝑠𝑗  and 𝐶𝑑𝑗  represent metric tonnes of carbon stored per hectare (tC ha
-1
) 
in the aboveground, belowground, soil and dead organic matter pools.  
To determine the aggregate amount of carbon stored across the landscape at time 𝑡 (𝐶𝑡), 
the site-level carbon storage values (𝐶𝑥𝑡) are summed across all sites 𝑥 (𝑥 ∈ 〈1; 𝑋〉): 
 




To determine the change in carbon stocks in site 𝑥  in a period from year 𝑡  to year  
𝑇 (𝑡 < 𝑇), carbon stored in 𝐶𝑥𝑡´ is subtracted from 𝐶𝑥𝑇´: 
 
∆𝐶𝑥𝑡𝑇 =  𝐶𝑥𝑇´ − 𝐶𝑥𝑡´ (10) 
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Finally, ∆𝐶𝑡𝑇  gives the change in carbon stocks in period from 𝑡  to 𝑇  over the entire 
landscape: 
 




Climate regulation was calculated for the whole study area and the results are presented 
in the original resolution 100 m x 100 m. 
Table 8. Carbon pools in different land use and land cover categories (input for the climate 
regulation InVEST model) [t C ha
-1
] 
LULC type Aboveground  Belowground  Soil Dead 
organic 
matter 
Discontinuous urban fabric 2 1 5 0 
Industrial or commercial units 0 0 0 0 
Road and rail networks and 
associated land 
0 0 0 0 
Mineral extraction sites 0 0 0 0 
Green urban areas 113 23 70 1 
Sport and leisure facilities 0 0 0 0 
Non-irrigated arable land 5 2 59 0 
Fruit trees and berry plantations 20 5 40 1 
Pastures 4 3 69 1 
Complex cultivation patterns 8 5 66 1 
Land principally occupied by 
agriculture 
5 2 59 0 
Broad-leaved forest 113 23 70 10 
Coniferous forest 92 18 70 13 
Mixed forest 96 19 70 13 
Natural grasslands 10 3 75 1 
Transitional woodland-shrub 8 8 70 3 
Inland marshes 3 6 87 2 
Peat bogs 5 7 100 2 
Water bodies 0 0 0 0 
 
2.5.2.2 Water quality: Nitrogen 
In this study, we focused on two aspects of the ecosystem service of water quality 
regulation, specifically on nitrogen and sediment retention. In accord 
with the conceptualization of ES provision by (Villamagna et al., 2013), who introduces 
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the concepts of ES provision capacity, flow, demand and pressure, we modelled three 
aspects of water quality regulation: 
 
∆𝐸 = 𝐷 − 𝑅 (12) 
where 𝐷  represents the amount of pollutants discharged (nitrogen and eroded soil, 
respectively), indicating what pressure each scenario imposes on local environmental 
conditions. 𝑅 represents the amount of pollutants retained in the landscape as a measure 
of the capacity to provide an ecosystem service, and ∆𝐸 the amount of pollutant exported 
annually to the stream network. ∆𝐸 served as the basis for the final analysis of trade-offs 
between ES. 
To assess the impact of various scenarios on pollutant discharge, retention and export, 
we used the InVEST model. In the modelling process, first, the amount of pollutants 
discharged from each raster cell of the study area is quantified. Subsequently, the retention 
of pollutants and their final export to water courses is calculated. The model calculations 
are performed on a grid-cell scale; however, we present the results aggregated 
for subwatersheds, as the outputs of the utilized InVEST modules are not supposed 
to be interpreted on the grid-cell level (Sharp et al., 2015). 
The modelling process consists of three steps. In the first step, the annual water yield 
from each watershed is calculated. In the second step, the amount of nitrogen discharged 
from each watershed and the proportion retained by ecosystems is quantified. Finally, 
the amount of pollutant exported to water courses is calculated. 
The modelling process is described by following equations (Tallis et al., 2011). First, 
the annual water yield (𝑌𝑗𝑥) is assessed for each pixel of the landscape (𝑥) with certain 
LULC type (𝑗): 
 
𝑌𝑗𝑥 =  𝑃𝑥 − 𝐴𝐸𝑇𝑗𝑥 (13) 
where 𝐴𝐸𝑇𝑗𝑥  is the annual actual evapotranspiration on pixel 𝑥  with LULC 𝑗  and 𝑃𝑥 
is the annual precipitation of pixel 𝑥. 
For each pixel, nitrogen discharge is quantified based on export coefficients distinctive 




𝐴𝐿𝑉𝑥 = 𝐻𝑆𝑆𝑥  ∙  𝑝𝑜𝑙𝑥 (14) 
where 𝐴𝐿𝑉𝑥 is the adjusted loading value at pixel 𝑥, 𝐻𝑆𝑆𝑥 the hydrologic sensitivity score 
at pixel 𝑥 and 𝑝𝑜𝑙𝑥 the export coefficient. 
The hydrologic sensitivity score is calculated as: 
 





𝜆𝑥 =  log (∑ 𝑌𝑢
𝑈
) (16) 
where 𝜆𝑥 is the runoff index at pixel 𝑥 (calculated as follows) and ?̅?𝑊 is the mean runoff 
index in the watershed of interest. ∑ 𝑌𝑢𝑈   represents the sum of the water yield of pixels 
along the flow path above pixel 𝑥. 
Subsequently, the model routes down the water runoff path, determined by slope, carrying 
the nitrogen discharged and allows each pixel downstream from polluting pixel to retain 
nitrogen based on its land cover type and corresponding ability to retain nitrogen. 
The resulting proportion of nitrogen retained by each downstream pixel is aggregated 
for watersheds and subwatersheds. 
Finally, the model quantifies what proportion of nitrogen reaches the streams 
by subtracting the amount of nitrogen retained from the amount of nitrogen discharged 
in each watershed, resulting in the amount of nitrogen exported to water streams (equation 
(12)). 
The main data inputs into the model are LULC raster datasets, soil properties, slope, 
and nitrogen export coefficients (Table 7, Table 9). The nitrogen export coefficients were 
derived from a comprehensive study by (Reckhow et al., 1980), supplemented 
by additional export coefficients from (Sharp et al., 2015). In the case of water bodies, 
the nitrogen export coefficient was adopted from a localized study by (IUCN, 1996) (Table 
9) and adjusted for each scenario based on its storyline; while the scenarios focusing 
on nature conservation were assigned lower level of nitrogen discharge from fishponds, 
the scenarios assuming intensive fisheries industry were assigned higher values. In the area 
of Třeboň Basin, the nitrogen export coefficient for water bodies exceeded all other 
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coefficients, since the intensively fertilized fishponds represent a major nitrogen input into 
the landscape (the annual fertilizer input can reach up to 140 kg N ha
-1
) (IUCN, 1996). 





LULC type Nitrogen export coefficient 
Discontinuous urban fabric 7.5 
Industrial or commercial units 13.8 
Road and rail networks and 
associated land 
0.0 
Mineral extraction sites 1.0 
Green urban areas 4.0 
Sport and leisure facilities 8.0 
Non-irrigated arable land 11.0 
Fruit trees and berry plantations 10.0 
Pastures 3.1 
Complex cultivation patterns 10.0 
Land principally occupied by 
agriculture 
9.0 
Broad-leaved forest 1.8 
Coniferous forest 1.8 
Mixed forest 1.8 
Natural grassland 3.1 
Transitional woodland-shrub 2.0 
Inland marshes 1.0 
Peat bogs 1.0 
 Scenario 




Water bodies 10.0 5.0 15.0 
 
2.5.2.3 Water quality: Sediments 
Similarly to water quality regulation related to nitrogen retention, we conceptualized 
sediment retention in accord with (Villamagna et al., 2013) and the InVEST modelling 
process (Tallis et al., 2011) as consisting of three aspects: sediment discharge ( 𝐷 ), 
retention (𝑅) and export  (∆𝐸) (equation (12)). 
To calculate sediment discharge from site  𝑥  ( 𝑈𝑆𝐿𝐸𝑥 ), the InVEST module utilizes 
the Universal Soil Loss Equation (USLE; (Wischmeier and Smith, 1978)), developed 




𝑈𝑆𝐿𝐸𝑥 =  𝑅𝑥 ∙  𝐾𝑥 ∙  𝐿𝑆𝑥 ∙  𝐶𝑥 ∙ 𝑃𝑥 (17) 
where 𝑅𝑥 is the rainfall erosivity (the potential of rainfall to move and erode soil, 
as a function of regionally-specific average precipitation intensity and duration), 
𝐾𝑥 presents soil erodibility (soil’s susceptibility to erosion, as a function of soil 
characteristics), 𝐿𝑆𝑥  characterizes slope length and steepness, 𝐶𝑥  presents the crop 
or vegetation factor and 𝑃𝑥  presents the management factor (taking into account specific 
erosion control practices, such as contour tilling) (Conte, Ennaanay, et al., 2011). 
Subsequently, the proportion of sediments retained 𝑆𝑅𝑥 at site 𝑥, originating from the sites 
higher upstream (𝑦, 𝑧) is calculated as: 
 






where 𝐸𝑥 stands for the sediment retention efficiency of the LULC type at site 𝑥, 𝑈𝑆𝐿𝐸𝑦  
presents sediment discharge from upstream site 𝑦 and 𝐸𝑧 presents the sediment retention 
efficiency of the LULC type at site 𝑧. 
The data inputs, such as digital elevation model, soil properties and USLE parameters, 
were derived primarily from national data sources (Table 7). 
The contribution of ecosystems to sediment retention was not quantified for the entire area 
of the case study sites, but only for the watersheds contributing to local water reservoirs 
with hydro-power plants (the Lipno water reservoir in the case of Šumava BR 
and the watersheds related to fishponds in Třeboň Basin BR). Similarly to the previous 
cases of water-related ES, the results were aggregated to the sub-watershed level 
as recommended by (Sharp et al., 2015). 
2.5.3 Cultural services 
In order to keep the coherence with the assessment of provisioning and regulating ES 
in the previous parts of the study, we approached the assessment of cultural ES from a GIS 
perspective, focusing on the link between various landscape attributes (such as LULC 
composition and configuration, presence of certain landscape features or presence 




2.5.3.1 Recreation potential 
To assess the recreational potential of selected biosphere reserves, we applied a modelling 
approach developed within the EU initiative on mapping ecosystem services (MAES) 
to achieve Action 5 of the EU Biodiversity Strategy to 2020 (EC, 2011; Maes et al., 2013, 
2015). This approach, denoted as ESTIMAP, is designed for ES mapping and was 
developed by the European Commission’s Joint Research Centre (JRC) (Zulian et al., 
2013, 2014). The Recreational potential tool of  ESTIMAP was designed as a flexible 
framework, to be adjusted according to the type of the study landscape and its major assets 
(Paracchini et al., 2011, 2014). 
Within this modelling approach, the supply of the ecosystem service of recreation 
is understood as the potential of landscape to facilitate outdoor activities and recreation. 
In general, the model aggregates several partial indicators, conveying the potential 
of a landscape to provide opportunities for outdoor recreation, into a composite recreation 
potential index ( 𝑅𝑃𝐼 ). 𝑅𝑃𝐼  is communicated as a normalised range between 0 and 1 
(OECD, 2008). 
To build the composite index of recreation potential, we followed a study by (Paracchini et 
al., 2014), which summarizes available findings from studies on outdoor recreation 
and consumer behaviour, such as preferences of EU residents towards destination type, 
type of ecosystems, travelled distance, etc. Based on this study, we selected an array 
of component indicators suitable for the study area, as well as the relative scores assigned 
to them (where appropriate). Table 10 summarizes all component indicators of 𝑅𝑃𝐼 
employed in this study, together with their interpretation, the categorization of indicator 
values, their relative scores and respective data sources. 
Table 10. Parametrization of the ESTIMAP approach to quantify the Recreation Potential 
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The modelling framework applied in this analysis is shown in Figure 12. The process 
of building 𝑅𝑃𝐼  was based on an aggregation of individual component indicators 
by a series of summations and normalisations. The normalisation of both the partial 
indicators and the composite index 𝑅𝑃𝐼 was calculated as  
 
𝑖𝑛𝑜𝑟𝑚 =  
𝑖 − 𝑖𝑚𝑖𝑛 
𝑖𝑚𝑎𝑥 − 𝑖𝑚𝑖𝑛
 (19) 
where 𝑖𝑛𝑜𝑟𝑚 is the normalized value of an indicator, reaching values between 0 and 1, 
𝑖  is the original value of the indicator, 𝑖𝑚𝑖𝑛  its minimal and 𝑖𝑚𝑎𝑥  its maximal values 
in the dataset (OECD, 2008). 
In addition to the indicator values listed in Table 10, the indicator of lakes’ proximity was 
assigned different weights for different scenarios in Třeboň Basin BR case study. 
The weights equalled 1 for the Conservation scenario, since this scenario assumed 
the highest emphasis on non-production functions of water bodies, thus implicitly 
assuming their higher recreational potential. Following the same reasoning, under 
the Exploitation scenario this component indicator was assigned a weight of 0, assuming 
zero level of protection and a full exploitation of water bodies by local fishing industry. 
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In line with their storylines, the Baseline, BaU and Biofuels scenarios were assigned 
a weight of 0.8, while the Market scenario received a weight of 0.5. 
The data layers for all component indicators as well as subsequent operations were 
processed using spatial modelling tools available within the ArcGIS platform. All analyses 
were conducted with raster files of a 100 x 100 m cell resolution. 
 
Figure 12. A conceptual framework of the aggregation of component indicators (Comp) into 
the recreation potential index (RPI) through a series of summations and normalisations. 
(Source: According to Paracchini et al., 2014) 
 
2.5.3.2 Landscape aesthetics 
Landscape aesthetics were assessed based on physical landscape characteristics, following 
and adjusting an approach developed by Otero Pastor et al. (2007) and Martín Ramos and 
Otero Pastor (2012) to assess the aesthetical potential of European landscapes based 
on perception surveys focusing on the most preferred landscape characteristics 
and patterns. The method assumes that “a hypothetical observer evaluates landscape 
quality for each pixel through examining landscape characteristics represented in map 
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overlays” (Martín Ramos and Otero Pastor, 2012), considering the following landscape 
attributes: 
1. Land use and land cover type; 
2. Terrain forms; 
3. Presence of water; 
4. Presence of human activities. 
While LULC type, diverse terrain forms and presence of water are considered positive 
for landscape aesthetics in this approach, the presence of human activities is considered 
as hampering landscape aesthetics potential. 
The aggregate index of landscape aesthetics in grid-cell 𝑖 (𝐿𝐴𝐼𝑖) is calculated as: 
 
𝐿𝐴𝐼𝑖 = [𝑈𝑖 ∗ 𝐴𝑖 ∗ 𝑇𝑖] − 𝐻𝑖 (20) 
 
where 𝑈𝑖 is the LULC value, 𝐴𝑖 is the value of water presence,  𝑇𝑖 is the value of the land forms 
and 𝑇𝑖 the value of human activity (Martín Ramos and Otero Pastor, 2012). 
The value of LULC type was assessed calculating the mode of the cells in a radius of 1 km 
around each cell, and subsequently assigning each cell a value of 𝑈𝑖 according to Table 11. 
Table 11. Value of variable Ui for different land use and land cover types (according to 
Martín Ramos and Otero Pastor, 2012). 
LULC type Ui 
Non-irrigated arable land 4 
Pastures 5 
Complex cultivation patterns 6 
Land principally occupied by agriculture 6 
Broad-leaved forest 9 
Coniferous forest 7 
Mixed forest 8 
Transitional woodland-shrub 6 
Natural grassland 5 
Inland marshes 9 




The impact of the complexity of the relief forms on visual landscape quality was adapted 
from (Otero Pastor et al., 2007), assigning the variable 𝑇𝑖 a value based on the slope steepness 
(Table 12). 
Table 12. Value of variable Ti for different levels of slope steepness (according to Otero 
Pastor et al., 2007). 
Ti Slope steepness [%] 
 min max 
9.4 0 3 
9.7 3 5 
9.8 5 7 
9.9 7 9 
10.0 9 11 
10.1 11 13 
10.1 13 15 
10.2 15 20 
10.3 20 25 
10.6 25 65 
 
The presence of water was evaluated in pixels within a specified distance from water 
bodies, while pixels closer to water bodies were assigned a value greater than more distant 
pixels. The values of  𝐴𝑖 were assigned according to: 
 
𝐴𝑖 = 𝑎 + 𝑏 ∑
1
𝑑𝐾
2  (21) 
where 𝑎 and 𝑏 are coefficients whose value is adjusted considering that 𝐴𝑖 has a value of 1.5 
in the pixel nearest to water and value 1 at a distance of 1 km (Martín Ramos and Otero Pastor, 
2012), and 𝑑𝐾 is the distance from grid-cell 𝑖 to water bodies. 
The proximity of human activities, considered as a negative feature in terms of landscape 
aesthetics, was calculated as: 
 
𝐻𝑖 = 𝐼𝑖 + 𝑀𝑖 (22) 
where 𝐼𝑖 indicates the presence of industry and 𝑀𝑖 the presence of mining activities.  
In accord with (Martín Ramos and Otero Pastor, 2012), each grid-cell was assigned a value 
based on its proximity to industrial and mining sites, the higher the value, the more 
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negative impact on landscape aesthetics. Similarly to water presence, the variable 𝐻𝑖 was 
calculated as: 
 
𝐻𝑖 = 𝑎 + 𝑏 ∑
1
𝑑𝐾
2  (23) 
where 𝑎 and 𝑏 are coefficients whose value is adjusted considering that 𝐻𝑖 in the grid-cell 
nearest the presence of human activities takes value 14 in the case of industrial sites 
and 7 in the case of mining sites. In the grid-cells located at a distance above 1 km, the value of 𝐻𝑖 
is 0 (Martín Ramos and Otero Pastor, 2012); 𝑑𝐾 is the distance from grid-cell 𝑖 to industrial 
sites and mining sites, respectively. 
The resulting values of 𝐿𝐴𝐼 for each scenario were normalized according to equation (19). 
The data inputs into the analysis were CORINE Land Cover 2006 datasets (EEA, 2007) 
and the future LULC scenarios built in this study, combined with the location of water 
bodies derived from ArcČR 500 3.0 database (ARCDATA, 2012) and a digital elevation 
model based on ZABAGED Contours (ČÚZK, 2013). 
Similarly to the analysis of recreation potential, the data layers for all component indicators 
as well as subsequent operations were processed using spatial modelling tools available 
within the ArcGIS platform. All analyses were conducted with raster files of a 100 x 100 m 
cell resolution. 
 
2.6 Ecosystem service trade-offs 
The final step of the analysis conducted in this study was the assessment of ES trade-offs, 
building on the assessment of provision of different types of ES for multiple future 
scenarios in the previous steps. 
The trade-offs between different types of ES were assessed through relative change 
between the provision of each ES in the baseline landscape (2006) and a scenario to 2050 





− 1) ∗ 100 (24) 
where 𝐸𝑆𝜏  is the provision of a given ES in respective units in time 
𝜏 = 2050, while 𝐸𝑆𝑡 presents the provision of the service in time 𝑡 = 2006. 
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In order to facilitate a relative comparison of trade-offs between different scenarios, 
the change in the provision of each ecosystem services 𝑥 (∆𝐸𝑆𝑥) was recalculated to gain 
its relative magnitude in comparison with a 1% change in a selected type of ES, in this case 
climate regulation. In other words, this approach shows how many per cent increase 






where 𝑇  is the relative level of the change in the provision of ecosystem service 𝑥 
and ∆𝐸𝑆𝐶𝑅  in the change in provision of climate regulation between the baseline 
and a given scenario.  
This approach has been established by studies focusing on ES trade-offs, since it facilitates 
easier illustration of the relative relationships within and between bundles of  ES 
in the cases when other means of comparison, such as in currency units, are not applicable 
(Nelson et al., 2010).  
Numerous studies (e.g. conducted within the TEEB initiative (TEEB, 2010)) have analysed 
trade-offs between ES by comparing their economic value in monetary terms. However, 
economic evaluation of ES was outside the scope of this study, which aimed to assess ES 
in biophysical terms. Therefore, while not being able to use monetary units as a means 
of comparing the provision of different ES, we applied the relative score to a unit change 
in carbon to facilitate the trade-off analysis. 
 
2.7 Data requirements and sources 
For easier orientation in the modelling process, this section (Table 13) summarizes 





Table 13. Summary of data requirements and sources used in the study 
Data requirement Data source 
LULC change scenarios 
Current LULC CORINE Land Cover 2006 (EEA, 2007) 
Future LULC ALARM 2050 scenarios  
(Rounsevell et al., 2006; Spangenberg, 2007; Spangenberg et 
al., 2012) 
Participatory input from 
stakeholders 
Storylines from participative scenario building workshops in 
the case study areas 
Ecosystem services assessment 
All services 
Current LULC CORINE Land Cover 2006 (EEA, 2007) 
Future LULC CLC 2006 and participative LULC scenarios to 2050 
developed in the previous step 
Crop production, Timber production 
No additional data to LULC 
dataset required 
 
Climate regulation  
Carbon pools for different 
LULC types (aboveground, 
belowground, soil, dead organic 
matter) 
Literature review (Smith et al., 1997; Joyce, 2001; IPCC, 2003, 
2006; Mund, 2004; Green et al., 2007; Cienciala et al., 2008; 
Schumacher and Roscher, 2009; Lindsay, 2010; IFER, 2010; 
Janous et al., 2010; Truus, 2011; FOREST EUROPE et al., 
2011; CHMI, 2012; De Simon et al., 2012; O’Halloran et al., 
2013) 
 
Final values of carbon pools are summarized in Table 8. 
Hydropower production, Water quality regulation: nitrogen retention 
Elevation ZABAGED Contours (ČÚZK, 2013) 
Soil depth SOWAC-GIS Geoportal (VÚMOP, 2014) 
Plant available water content 
Average annual precipitation Climate projections based on RCP4.5 and RCP8.5 emission 
scenarios (results of future climate modelling with the Aladin-
CLIMATE/CZ model for the area of the Czech Republic; 
Global Change Research Institute CAS, v.v.i.) (Štěpánek et al., 
2009, 2011) 
Average annual potential 
evapotranspiration 
Evapotranspiration coefficients (Sharp et al., 2015) 
Watersheds and subwatersheds DIBAVOD hydrological database (VÚV TGM, 2014) 
Root depth (Canadell et al., 1996; Sharp et al., 2015) 
Water demand by different 
LULC types 
(Sharp et al., 2015), stakeholder consultations 
Nitrogen export coefficients (Reckhow et al., 1980; Sharp et al., 2015) 
 
Final values of carbon pools are summarized in Table 9. 




Water quality regulation: sediment retention 
Elevation ZABAGED Contours (ČÚZK, 2013) 
Soil erodibility index (K) SOWAC-GIS Geoportal (VÚMOP, 2014) 
Rainfall erosivity index (R) (Dostál et al., 2006; Janeček and et al., 2012) 
Watersheds and subwatersheds DIBAVOD hydrological database (VÚV TGM, 2014) 
Vegetation filtering efficiency (Sharp et al., 2015) 
Recreation potential 
Degree of naturalness Mean Species Abundance (MSA) indicator scores for 
different LULC types were derived from Vačkář et al. 
(2016) and calculated for CLC 2006 and participative 
LULC scenarios to 2050 
Level of nature protection Nature Conservation Agency of the Czech Republic 
(AOPK ČR) 
Water proximity ArcČR 500 3.0 database (ARCDATA, 2012) 
Area of ecosystem CLC 2006 and participative LULC scenarios to 2050 
Trail proximity Administrations of Třeboň Basin PLA and BR; 
Administration of Šumava NP 
Landscape aesthetics 
Terrain forms ZABAGED Contours (ČÚZK, 2013) 
Presence of water ArcČR 500 3.0 database (ARCDATA, 2012),  
CLC 2006 and participative LULC scenarios to 2050 
Presence of human activities CLC 2006 and participative LULC scenarios to 2050 
Trade-off analysis 
Level of provision of various 
types of ES 







3.1 Scenario storylines 
3.1.1 Třeboň Basin Biosphere Reserve 
The scenario storylines for Třeboň Basin BR were developed through a series of semi-
structured interviews and discussions with local stakeholders, whose influence 
on the future development of the study area is substantial. Based on the discussions, 
an array of opinions and preferences regarding potential future development of the area 
was assembled. 
Naturally, the stakeholders focussed mainly on local landscape issues and local driving 
forces, influencing potential future development of the landscape. Thus, the storylines 
developed by the stakeholders were considered as storylines acknowledging predominantly 
the influence of local driving forces (Figure 13). 
After compiling a representative sample of stakeholder opinions, we identified a pattern 
differentiating the evidence from the stakeholders along a gradient of “environmental 
focus”. Evidently, the preferences of stakeholders clustered in two groups, aiming 
at stronger levels of nature protection and, on the contrary, at stronger use of natural assets 
provided by the study area. Thus, these groups were compiled into two individual 
storylines, denoted as Conservation and Exploitation (Figure 13). Furthermore, a Business 
as Usual (BaU) storyline was identified as a status-quo option, which would to a large 
extent preserve the current state of the landscape. 
To provide a counterbalance to the localized scenario storylines introduced above, 
we supplemented the scenario storyline matrix by two other storylines, acknowledging 
the influence of national to global driving forces, such as national and European economic 
and demographic development, policies, etc. At the same time, we aimed to preserve 
the pattern of different levels of environmental focus of the storylines, similarly 
as in the case of localized storylines. Hence, we introduced two additional storylines 
reflecting the influence of national to global driving forces, denoted as Market 




Figure 13. A matrix of the final scenario storylines designed for Třeboň Basin BR. 
(Source: Author’s elaboration) 
The detailed characteristics of the storylines were as follows: 
1. Conservation scenario storyline.  This storyline described a situation when 
the landscape is fully protected, no intensification of human activities is present, 
and only transformations to more natural ecosystems (e.g. from arable lands 
to pastures, from shrub land to forests) are allowed. Examples of the Conservation 
scenario storyline are restorations of mining sites after the cease of mining due 
to strict nature conservation, and potential abandonment of intensive agriculture 
in areas close to nature reserves. This scenario is in line with ALARM BAMBU 
2050 scenario storyline. 
2. Business as Usual (BaU) scenario storyline.  Under this storyline, the LULC 
in Třeboň Basin BR undergoes only minor changes, reflecting current trends and 
predominantly preserving the landscape in its current state. Landscape changes 
occurring under this storyline are e.g. moderate growth of urban areas, limited 
abandonment of agricultural land and increase in forested areas, with the exception 
of changes affecting strictly protected areas, such as peat bogs and wetlands. This 
scenario is in line with ALARM BAMBU 2050 scenario storyline. 
3. Exploitation scenario storyline.  The exploitation scenario storyline depicted 
a situation which would occur if the landscape protection in the study site ceased 
and the intensification of agriculture and mining, demanded by miners and biogas 
producers, was permitted. Under this scenario, more pronounced exploitative 
changes (e.g. extensive increase in mining areas, transformation of pastures into 














resources and biomass for bio-gas production in Třeboň. This scenario is in line 
with ALARM BAMBU 2050 scenario storyline. 
4. Biofuels scenario storyline. This storylines reflects the European-scale driving 
forces, namely policies promoting the operationalization of sustainable 
development targets, such as halted biodiversity loss, competitive economy 
and healthy environment, gender equity and international cooperation. 
An important characteristic of this scenario is a substantial increase 
in the production and use of biofuels. This scenario is in line with ALARM SEDG 
2050 scenario storyline. 
5. Market scenario storyline. This storyline neglects the European-scale driving 
forces, namely further liberalization and globalization of the market. It assumes 
higher deregulation of trade, with economic growth presenting a key target. Under 
this scenario, environmental policies focus mainly on retroactive actions 
and measures for biodiversity protection are limited. This scenario is in line 
with ALARM GRAS 2050 scenario storyline. 
As emphasized for each storyline, while the first three storylines assume predominance 
of local driving forces and only moderate changes in national to global driving forces, 
the last two storylines focus mainly on the European-wide development. Therefore, 
the Conservation, BaU and Exploitation storylines were further processed based 
on ALARM BAMBU 2050 scenario, while the Biofuels and Market storylines were further 
analysed based on ALARM SEDG 2050 and ALARM GRAS 2050 scenarios. 
3.1.2 Šumava Biosphere Reserve 
The scenario storylines for Šumava BR were developed through a series of participative 
exercises during scenario-building workshops with local stakeholders. 
In this case, during an initial plenary discussion, the majority of the stakeholders agreed 
on two opposite storylines, denoted as the Green storyline, prioritizing continued nature 
conservation and implementation of climate change adaptation measures, and the Red 
storyline, promoting intensive economic development of the area without climate change 
adaptation. The main reason for this distinction of two storylines along the gradient 
of the strength of environmental focus was that the current discussion about the future 
of Šumava region mainly addresses these two extremes; therefore, these two scenario 
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storylines accurately described two contrasting ways of development, which are likely 
to be pursued in the near future (Figure 14). 
The second gradient of storylines considered was the aspect of potential adaptation 
to future climate change, influencing local ecosystems and the provision of ES (Figure 14). 
 
Figure 14. A matrix of the final scenario storylines designed for Šumava BR. 
(Source: Author’s elaboration) 
Afterwards, during following sub-group exercises, the participants created a number 
of alternative partial visions. Although the stakeholders were not instructed to try to reach 
a consensus on a single vision, the opinions resulting from sub-group discussions were 
very similar and after revising some minor differences in the follow-up discussions, 
the participants created a ‘Shared vision’ for the future of the study area. 
Thus, as a part of the storylines developed, the stakeholders identified adaptation measures 
suitable for the study area, from the perspective of their expertise. Since large-scale 
construction of technological measures is restricted in the area, the participants focused 
mainly on ecosystem-based (EbA) climate change adaptation measures, enhancing 
the resilience of local ecosystems against potential impacts of climate change 
(e.g. sustainable forest management and forest conservation). All proposed adaptation 
measures complied with differentiated conservation regimes in various zones of the NP 
and the PLA, assuming less intensive activities in the Zones I and II and, on the contrary, 
targeting the adaptation measures to the peripheral zones of the study area. 













1. Red storyline: Development without adaptation. The Red storyline assumed 
an emphasis on economic development in the study area, without an emphasis 
on its sustainable dimension. The main driving forces in this storyline were 
population growth, construction of citizen and touristic infrastructure (e.g. tourist 
centres apartments) and an intensive touristic and recreational use of the area. 
In this storyline, various development plans such as designation of new ski slopes, 
ski lifts and paved hiking trails were proposed. Furthermore, the construction 
of several small-scale artificial water reservoirs was proposed in order to meet 
the growing water demands. The area of the NPs Zone I was proposed to decrease, 
while logging would become more intensive in some of the peripheral forested 
areas of Šumava. Since no part of the study area would be left to a non-intervention 
regime, this storyline incurred increasing forest management costs. The proportion 
of urbanized and other intensively used areas increased. This storyline assumed that 
climate change will not be perceived as a serious threat; therefore, no adaptation 
measures will be implemented. 
2. Green storyline: Conservation with adaptation. The Green storyline assumed 
that the demographic development in the study area will be stable and the tourism 
sector will become long-term sustainability oriented. In comparison with the Red 
storyline, the investments will enhance the quality of local small-scale 
accommodation capacities, and will not aim to create new large-scale tourist 
infrastructure. Therefore, this storyline assumed no growth of urbanized areas 
outside existing tourist resorts. Zone I of the NP was assumed to be enlarged 
and united, while all current non-intervention zones will be maintained. In this 
storyline, substantial emphasis was put on potential impacts of climate change, 
leading to the implementation of adaptation measures, e.g. restoration of degraded 
forest areas in the peripheral parts of the NP and complete integration of Zone I. 
The adaptation measures applied in this storyline were primarily ecosystem-based. 
The adaptation measures proposed for the Green storyline included an enlargement 
and unification of the NP’s Zone I as the primary goal. The unified Zone I would 
be subject to non-intervention management, leading to an increase in forested area. 
In the peripheral zones of the study area, revitalization of disturbed ecosystems, 
sustainable forest management and restoration of forests were proposed as suitable 
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adaptation measures. Specifically, the stakeholders proposed using a variety 
of genotypes in the forest nursery stock, promoting diverse age classes, species 
mixes, and a variety of successional stages, and introducing spatially complex 
and heterogeneous vegetation structure. The Green storyline also proposed large-
scale peat-bog and marshlands restoration projects. 
3. Shared vision. The Shared vision favoured a moderate population growth 
and opposed implementing incentives to increase local population levels, which 
would not respect local social environment and traditional lifestyle, such as large-
scale tourist facilities. In terms of tourism development, the vision preferred 
investments in qualitative, not quantitative improvements, with emphasized low-
impact and sustainable forms of tourism, evenly spread throughout the study area. 
The vision acknowledged the role of the NP in the area and preferred a partial 
integration of Zone I forest patches and sustainable forestry and agricultural use 
of peripheral parts. The need for climate change adaptation was recognized within 
this storyline and the participants preferred EbA measures 
For the Shared vision, the stakeholders emphasized the threat of water shortages 
for the future. Therefore, reforestation in the peripheral zones of Šumava together 
with restoration of peat-bogs were identified as the most favourable solutions 
to avoid water shortages. Furthermore, this storyline included implementing soft 
adaptation measures related to water issues such as reduced water use 
and construction of more efficient water treatment plants. At the same time, 
the need for differentiated management and adaptation approaches in the Zone I 
and the peripheral zones of the NP was stressed. 
Since all of these storylines presumed the predominance of local to national driving forces, 
without sharp changes in global drivers, further processing of these storylines was based 




3.2 Land use and land cover change scenarios 
3.2.1 Třeboň Basin Biosphere Reserve 
Figure 15 presents the spatial pattern of LULC change in Třeboň Basin BR in 2050 for five 
different LULC scenarios. The LULC proportions under in the baseline landscape (2006) 
and each of the scenarios is provided in Table 14. The aggregate proportion of land 
undergoing LULC change between 2006 and 2050 in Třeboň Basin BR is 8% 
for the Market scenario, 21% for the Exploitation scenario, 5% for the BaU scenario, 7% 
for the Conservation scenario and 17% for the Biofuels scenario.  
The results indicate that under all five LULC scenarios, there is an increasing trend 
in urban areas and a decreasing trend in pastures (Figure 16). The Exploitation scenario 
comprises the highest increase in intensive LULC types such as industrial and mining sites, 
as well as a substantial increase in arable land. The Conservation scenario is characterized 
by a decreasing proportion of mining sites and increase in less human-influenced LULC 
types, such as forests and pastures. Interestingly, the Market scenario comprises 
a substantial increase in forest land, while the proportions of pastures and arable land 
decrease, mainly as a result of European-scale policies and market trends, which 
are projected to cause agricultural decline and the replacement of agricultural land 
by forests. The Biofuels scenario is mostly characterized by a vast increase in arable land 
devoted to the production of biofuels. While the area of natural LULC types (forests, 
marshes and peat bogs) increased by 5.2% under the Protection scenario, it decreased 
by almost twice as much (by 9.5 %) under the Exploitation scenario. The smallest change 
in the proportion of different LULC categories, mainly built-up areas, forests and pastures, 
occurred under the BaU scenario, since the scenario supposed a limited influence of both 
local and global driving forces. 
The most abundant types of LULC changes in terms of the areal extent occurred between 
aggregate categories of forests, arable land and grasslands. The most abundant under all 
scenarios were transitions from grasslands to either forests or arable land. The Biofuels 
and the Exploitation scenarios were further characterized by the transformation of forests 
to arable land. Conversely, a change from arable to forest occurred mainly under 
the Market and the Conservation scenarios. 
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Figure 15. Land use and land cover change scenarios for Třeboň Basins BR in 2050, corresponding to stakeholder storylines. 
(Source: Author’s elaboration)  
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Table 14. Proportions of land use and land cover types in Třeboň Basin BR in the baseline year (2006) and in five scenarios to 2050. The total area of 
Třeboň Basin BR is approximately 70,000 ha.  
 Area 
 Baseline (2006) Market Exploitation BaU Conservation Biofuels 
 [ha] [%] [ha] [%] [ha] [%] [ha] [%] [ha] [%] [ha] [%] 
Discontinuous urban fabric 1,531 2.2 2,516 3.7 2,368 3.4 2,441 3.6 2,098 3.1 1,531 2.2 
Industrial or commercial units 146 0.2 146 0.2 146 0.2 146 0.2 146 0.2 146 0.2 
Road and rail networks 1 0.0 1 0.0 1 0.0 1 0.0 1 0.0 1 0.0 
Mineral extraction sites 66 0.1 66 0.1 4,536 6.6 66 0.1 0 0.0 66 0.1 
Green urban areas 33 0.0 33 0.0 33 0.0 33 0.0 33 0.0 33 0.0 
Sport and leisure facilities 73 0.1 73 0.1 72 0.1 73 0.1 73 0.1 73 0.1 
Non-irrigated arable land 13,446 19.6 12,108 17.6 17,040 24.8 13,842 20.1 10,362 15.1 21,456 31.2 
Pastures 7,763 11.3 5,109 7.4 0 0.0 6,598 9.6 7,409 10.8 548 0.8 
Complex cultivation patterns 36 0.1 29 0.0 36 0.1 30 0.0 30 0.0 36 0.1 
Land principally occupied by agriculture 4,318 6.3 3,458 5.0 9,599 14.0 3,515 5.1 3,515 5.1 455 0.7 
Broad-leaved forest 452 0.7 330 0.5 234 0.3 359 0.5 452 0.7 389 0.6 
Coniferous forest 31,175 45.3 35,633 51.8 26,726 38.9 33,087 48.1 35,159 51.1 35,107 51.1 
Mixed forest 2,192 3.2 1,796 2.6 1,523 2.2 1,839 2.7 2,191 3.2 1,912 2.8 
Transitional woodland-shrub 610 0.9 179 0.3 339 0.5 176 0.3 195 0.3 88 0.1 
Inland marshes 1,299 1.9 1,663 2.4 559 0.8 822 1.2 1,298 1.9 1,299 1.9 
Peat bogs 176 0.3 176 0.3 0 0.0 176 0.3 176 0.3 176 0.3 







Figure 16. Summary of land use and land cover changes for five different scenarios in Třeboň Basin BR by 2050. 





















Markets 1.4 0.0 0.0 -1.9 -3.9 -1.3 6.5 0.5 0.0
Exploitation 1.2 1.3 5.2 5.2 -11.3 7.7 -6.5 -1.1 -0.3
BaU 1.3 0.0 0.0 0.6 -1.7 -1.2 2.8 -0.7 0.0
Conservation 0.8 0.0 -0.1 -4.5 -0.5 -1.2 5.8 0.0 0.0










3.2.2 Šumava Biosphere Reserve 
Figure 17 presents the spatial pattern of LULC change in Šumava BR in 2050 for three 
different LULC scenarios. The LULC proportions in the baseline landscape (2006) 
and each of the scenarios is provided in Table 15. The aggregate proportion of land 
undergoing LULC change between 2006 and 2050 in Šumava BR is 10% for the Green 
scenario, 8% for the Red scenario and 3% for the Shared vision.  
The results indicate that under all five LULC scenarios, there is an increasing trend 
in urban areas and a decreasing trend in pastures. The quality of LULC change under each 
scenario differed substantially (Figure 18). The total area of forests increased by 9.8% 
under the Green scenario, mainly in the non-intervention parts of NP Zone I, replacing 
earlier successional stages of forest and shrub land. On the contrary, in the Red scenario, 
forested areas decreased by 7.6% as a result of transformation to pastures and principally 
agricultural land in the peripheral parts of Šumava. The slightly increased proportion 
of area occupied by sport facilities under the Red scenario corresponds to the construction 
of a ski resort and several small-scale artificial water reservoirs, while the increase 
in pastures under this scenario reflects the preference for more intensive land uses 
generating economic revenues. 
While the area of natural LULC types (forests, natural grasslands, marshes and peat bogs) 
increased by 5.0% under the Green scenario, it decreased by 6.8% under the Red scenario. 
The smallest change in the proportion of different LULC categories occurred under 
the Shared vision, since this scenario supposed a focus on the preservation of current 
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Figure 17. Land use and land cover change scenarios for Šumava BR in 2050, corresponding to stakeholder storylines. 
(Source: Author’s elaboration) 
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Table 15. Proportions of land use and land cover types in Šumava BR in the baseline year (2006) and in three scenarios to 2050. The total area of 
Šumava BR is approximately 170,000 ha. 
 Area 
 Baseline (2006) Green scenario Shared vision Red scenario 
 [ha] [%] [ha] [%] [ha] [%] [ha] [%] 
Discontinuous urban fabric 818 0.5 747 0.4 1,166 0.7 1,173 0.7 
Industrial or commercial units 127 0.1 125 0.1 125 0.1 125 0.1 
Sport and leisure facilities 157 0.1 154 0.1 154 0.1 352 0.2 
Non-irrigated arable land 793 0.5 486 0.3 777 0.5 791 0.5 
Fruit trees and berry plantations 136 0.1 14 0.0 140 0.1 126 0.1 
Pastures 24,041 14.4 24,432 14.6 23,095 13.8 31,792 19.0 
Complex cultivation patterns 3 0.0 0 0.0 1 0.0 1 0.0 
Land principally occupied by 
agriculture 
9,513 5.7 589 0.4 11,979 7.2 12,050 7.2 
Broad-leaved forest 1,011 0.6 1,009 0.6 990 0.6 920 0.6 
Coniferous forest 98,834 59.1 111,316 66.6 101,078 60.4 87,202 52.1 
Mixed forest 9,900 5.9 13,877 8.3 9,671 5.8 8,869 5.3 
Natural grasslands 4,009 2.4 2,675 1.6 3,957 2.4 3,957 2.4 
Transitional woodland-shrub 10,374 6.2 3,600 2.2 5,891 3.5 13,356 8.0 
Inland marshes 2,601 1.6 2,589 1.5 2,589 1.5 1,190 0.7 
Peat bogs 1,497 0.9 1,497 0.9 1,497 0.9 1,177 0.7 





Figure 18. Summary of land use and land cover changes for three different scenarios in Šumava BR by 2050. 




















Green 0.0 0.0 -0.2 0.2 -5.3 7.5 2.4 -0.8 0.0
Shared 0.2 0.0 0.0 -0.6 1.5 1.3 -0.1 0.0 0.0













3.3 Ecosystem services assessment 
3.3.1 Třeboň Basin Biosphere Reserve 
3.3.1.1 Crop production 
Crop production was assessed based on the aggregate area of Non-irrigated arable land 
present in Třeboň Basin BR under different scenarios in 2050. The proportion 
of Non-irrigated arable land (Table 14, Table 16) was highest under the Biofuels scenarios 
(31.2%), reflecting the emphasis on biofuel production in the scenario storyline, followed 
by the Exploitation scenario and the BaU scenario. The lowest levels of agricultural 
production were projected for the Market scenario (17.6%) and the Protection scenario 
(15.1%). In the case of the Market scenario, this is in line with the assumption of declining 
agricultural sector in Europe in the next few decades; for the Protection scenario, this 
reflects the tendency to abandon intensive land use types and to prefer non-exploitative 
activities in the study area. 
The spatial pattern of temporal changes in crop production between 2006 and 2050 (Figure 
19) illustrate the vast increase in arable land in the Biofuels scenario and net decrease 
in agricultural land in the Conservation scenario. The remaining three scenarios show 
mixed trends, where intensively managed agricultural land increases mainly 
in the neighbourhood of municipal areas and replace former pastures and less intensive 
agricultural types. 
3.3.1.2 Timber production 
Timber production was assessed based on the aggregate area of Broad-leaved forest, 
Coniferous forest and Mixed forest land present in Třeboň Basin BR under different 
scenarios in 2050 (Table 14, Table 16). The area of forests resulted in an approximately 
equal proportion (ca 55%) under the Conservation, the Market and the Biofuels scenarios, 
in all cases representing an approximately 5% increase in comparison with the baseline 
landscape. On the contrary, the Exploitation scenario (41.4% of forests) shows 8% 
decrease in timber-producing areas. 
The spatial pattern of temporal changes in timber production between 2006 and 2050 
(Figure 19) show increases and decreases of forest areas on current forest fringes, 
with forest cover replacing Transitional woodland-shrubs, Pastures and various types 
of agricultural land (and vice versa). 
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Table 16. Aggregate characteristics of provisioning ecosystem services (crop and timber 
production) in Třeboň Basin BR for the baseline (2006) and five scenarios to 2050. 
 Total arable land Change in crop production 
 [ha] [%] 
Baseline (2006) 13,446 0.0 
Market 12,108 -10.0 
Exploitation 17,040 26.7 
BaU 13,842 2.9 
Conservation 10,362 -22.9 
Biofuels 21,456 59.6 
 Total forests Change in timber production 
 [ha] [%] 
Baseline (2006) 33,819 0.0 
Market 37,759 11.7 
Exploitation 28,483 -15.8 
BaU 35,285 4.3 
Conservation 37,802 11.8 
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Figure 19. The spatial pattern of change in the provision of provisioning ecosystem services (crop production and timber production) in Třeboň 
















3.3.1.3 Climate regulation 
Climate regulation was assessed as the amount of carbon stored in ecosystems in the study 
area under different scenarios. The baseline level of carbon storage in 2006 was 124 t ha
-1 
(Table 17). In 2050, the modelled level of carbon storage increased in the majority 
of the scenarios to 126-131 t ha
-1
, while in the Exploitation scenario, it decreased to 108 
t ha
-1
. The highest level of carbon storage was reached under the Conservation scenario 
(5.3% improvement of carbon stocks), while the Exploitation scenario lead to 13.6% 
decrease in carbon stocks.   
In terms of spatial patterns (Figure 20), the most substantial changes in carbon storage 
in all scenarios resulted from the variation in forests and arable land, on the fringes 
of current forests and in the neighbourhood of municipalities. The most distinctive pattern 
is present in the case of the Exploitation scenario, where the losses of carbon occur 
as a result of intensifying mining activities and the increase in agricultural land. 
3.3.1.4 Water quality: Nitrogen 
Concerning the ecosystem service of water quality regulation through nitrogen retention, 
we assessed the change in nitrogen export to streams between the baseline and the five 









  in the Conservation scenario, followed 




in the Biofuels scenario, corresponding to 42% and 11% decrease, 





in the Exploitation scenario (44.9% increase), as a result of higher nitrogen loading from 
intensively managed fish-ponds, combined with a decreasing capacity of the landscape 
to retain nitrogen. 
In terms of spatial patterns (Figure 20), increasing nitrogen export was most evident 
in subwatersheds with diminishing forest cover and increasing proportion of arable land, 
such as in the case of the Biofuels scenario, where the subwatersheds with increasing 
nitrogen export in the north-east reflect the areas with expanding areas of arable land. 
The overall decrease in nitrogen export in the Conservation scenario reflects the aggregate 
increase in forested land and reduced nitrogen loading from fish-ponds. 
3.3.1.5 Water quality: Sediments 
The ecosystem service of water quality regulation through sediment retention was assessed 
as the change in sediment export to streams between the baseline and the five scenarios 
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(Table 17). In general, the level of soil erosion was very low in the study area, mainly due 
to its lowland character; therefore, the resulting export of sediments to streams modelled 





), the Market and the Conservation scenario were characterized 









In both cases, this trend was caused by the abandonment of arable land and its 
transformation to pastures and forests. On the contrary, the Biofuels and the Exploitation 
shows substantial increase in sediment export, reaching 50-68% increase resulting from 
the expansion of arable areas and agricultural intensification. 
In terms of spatial patterns (Figure 20), the most distinctive trends were (a) the increase 
in sediment export in the south-west of the study area in the Exploitation scenario, 
and (b) the increase in sediment export in the north-west of the study area in the Biofuels 
scenario. While the former case was already explained above by the increase in arable 
land, the letter case was caused by the degradation of nutrient-retaining wetlands and their 
replacement by mining areas. 
Table 17. Aggregate characteristics of regulating ecosystem services (climate regulation and 
water quality regulation) in Třeboň Basin BR for the baseline (2006) and five scenarios to 
2050. 
 Total carbon storage Average carbon storage Change in carbon 
storage 
 [t] [t ha
-1
] [%] 
Baseline (2006) 8,542,000 124 0.0 
Market 8,953,000 130 4.8 
Exploitation 7,382,000 108 -13.6 
BaU 8,626,000 126 1.0 
Conservation 8,994,000 131 5.3 
Biofuels 8,904,000 130 4.2 
 Total nitrogen 
export to streams 
Average nitrogen 
export to streams 
Change in nitrogen 








Baseline (2006) 54,900 0.80 0.0 
Market 60,400 0.88 10.0 
Exploitation 79,600 1.16 44.9 
BaU 54,000 0.79 -1.7 
Conservation 31,900 0.46 -42.0 




 Total sediment 
export to streams 
Average sediment 
export to streams 
Change in sediment 








Baseline (2006) 2,300 0.034 0.0 
Market 1,800 0.026 -23.2 
Exploitation 3,500 0.051 50.3 
BaU 1,900 0.028 -17.5 
Conservation 1,500 0.021 -37.7 
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Figure 20. The spatial pattern of change in the provision of regulating ecosystem services (water quality regulation and climate regulation) in Třeboň 











3.3.1.6 Recreation potential 
The ecosystem service of recreation was assessed using the recreation potential index 
(RPI), reaching values on a relative scale 0-1 (Table 18). While most scenarios were 
characterized by limited difference from the baseline (RPI = 0.551), a substantial decrease 
in RPI was encountered in scenarios with market and economic incentives 
as the predominant driving forces influencing the landscape (the Exploitation 
and the Market scenario). In both cases, the recreation potential of the area was decreased 
by intensified use of fish-ponds, which hampered their use as recreational sites. In the case 
of the Exploitation scenario, a further exacerbation of the trend was caused by agricultural 
intensification and the expansion of arable land. An increase in RPI occurred 
in the Conservation and the Biofuels scenarios. While in the Conservation scenario, this 
was mainly caused by decreasing intensity of fishing industry and a higher recreational 
potential of the ponds, in the case of the Biofuels scenario, the trend resulted from 
an overall enlargement of landscape patches, ensuring higher landscape connectivity 
(Figure 21). 
3.3.1.7 Landscape aesthetics 
The cultural ecosystem service of landscape aesthetics was assessed applying 
the landscape aesthetics index (LAI), reaching values on a relative scale 0-1 (Table 18). 
The highest values of LAI were reached under the Conservation and the Markets scenarios 
(LAI = 0.392 in both cases), as a result of expanding forest ecosystems 
and the enlargement of forest patches (Figure 21). While the baseline and the BaU scenario 
scored moderate values of LAI (LAI2006 = 0.368 and LAIBaU = 0.369), the Exploitation 
and the Biofuels scenarios were characterized by decreasing LAI (to 0.345 and 0.356, 
respectively), mainly as a result of land-use intensification in the study area. Nevertheless, 
the aggregate level of change was limited for all scenarios, not exceeding 5% change 




Table 18. Aggregate characteristics of cultural ecosystem services (recreation potential and 
landscape aesthetics) in Třeboň Basin BR for the baseline (2006) and five scenarios to 2050. 
 Average recreation 








 [0-1 scale] [%] [0-1 scale] [%] 
Baseline 
(2006) 
0.511 0.0 0.368 0.0 
Market 0.482 -5.5 0.392 4.0 
Exploitation 0.339 -32.3 0.345 -4.1 
BaU 0.516 0.8 0.369 0.2 
Conservation 0.542 5.8 0.392 4.1 
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Figure 21. The spatial pattern of change in the provision of cultural ecosystem services (recreation potential and landscape aesthetics) in Třeboň 
















3.3.2 Šumava Biosphere Reserve 
3.3.2.1 Hydropower production 
Since Šumava BR presents an important part of the Lipno reservoir watershed, 
one of the ES modelled in this case study area was the contribution of the water-yield from 
local ecosystems to hydropower production (Table 19). While the average contribution 




in the baseline landscape, it decreased 
by 1.2% in the Green scenario (Figure 22). This trend was caused by the increase 
in forested area and consequent higher evapotranspiration, which resulted in smaller 
amounts of water reaching the streams and the Lipno reservoir. The contribution 
to hydropower production increased by 1.2% in the Red scenario, mainly 
due to an opposite trend in the proportion of forested area. However, it should be noted that 
the aggregate information on annual water-yields under different scenarios, projecting 
smaller water-yields in the Green scenario than in the Red scenario, does not reflect the 
generally positive influence of forest land cover on temporal stability of water-yield 
distribution throughout the year. The final contribution of water yield generated 





under different scenarios. 
Table 19. Aggregate characteristics of provisioning ecosystem services (hydropower 
production) in Šumava BR for the baseline (2006) and three scenarios to 2050. 


















132,584,000 1,890 0.0 
Green 
scenario 
131,016,000 1,868 -1.2 
Shared vision 131,859,000 1,880 -0.5 
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Figure 22. The spatial pattern of change in the provision of provisioning ecosystem services (hydropower production) in Šumava BR for three 
scenarios to 2050 (in comparison with the baseline). 










3.3.2.2 Climate regulation 
Climate regulation represented by carbon storage in Šumava BR showed substantial 
differences between the scenarios (Table 20, Figure 23). The spatial pattern of change 
in carbon storage corresponded to areas where LULC category changed between 
the baseline landscape and scenarios. In the Green scenario, carbon storage increased 
by 7.4% to 163 t ha
-1
 between 2006 and 2050 as a result of forest growth 
and the enlargement of forested area. The increase in carbon stocks was less pronounced 
in the Shared vision (by 0.3% to 152 t ha
-1
). On the contrary, carbon stocks decreased 
by 6.3% in the Red scenario, mainly due to timber logging and an increasing area 
of agricultural land. The average level of carbon storage under different scenarios varied 
between 142-163 t ha
-1
 (Table 20). 
3.3.2.3 Water quality: Nitrogen 
The ecosystem service of water quality regulation was assessed through the amount 
of nitrogen exported to streams. Table 20 indicates that the average level of nitrogen export 









in the Green scenario. This trend resulted from the increase in forested area, since nitrogen 
loading from forests is generally low, and at the same time, forests land efficiently retains 





, which can be attributed mainly to newly established agricultural areas in the north-
eastern border parts of the study area. The most significant increase in nitrogen discharge 
occurred in the southern part of the study location under the Red scenario, 
due to the construction of a new ski resort and related accommodation capacities 
and infrastructure (Figure 23). 
3.3.2.4 Water quality: Sediments 
In line with the previous section, another aspect of water quality regulation was examined 
through the amount of sediments retained by ecosystems, thus decreasing the final export 
of sediments to streams. Trends similar to nitrogen export were present in the case 
of sediment export, since both these variables are influenced by similar types of LULC 
change (Figure 23). For the Green scenario, Shared vision and Red scenario, the average 


















20). Substantial decrease in sediment export under the Green scenario resulted 
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from the abandonment of agricultural land and its transformation to forests and pastures 
(Figure 23). 
Table 20. Aggregate characteristics of regulating ecosystem services (climate regulation and 
water quality regulation) in Šumava BR for the baseline (2006) and three scenarios to 2050. 




Change in carbon storage 
 [t] [t ha
-1
] [%] 
Baseline (2006) 25,506,000 152 0.0 
Green scenario 27,392,000 163 7.4 
Shared vision 25,576,000 152 0.3 
Red scenario 23,890,000 142 -6.3 
 Total nitrogen 
export to streams 
Average nitrogen 
export to streams 
Change in nitrogen 








Baseline (2006) 18,100 0.26 0.0 
Green scenario 11,900 0.17 -34.3 
Shared vision 18,800 0.27 3.9 
Red scenario 22,000 0.31 21.5 
 Total sediment 
export to streams 
Average sediment 
export to streams 
Change in sediment 








Baseline (2006) 6,120 0.09 0.0 
Green scenario 1,450 0.02 -76.3 
Shared vision 6,260 0.09 2.3 
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Figure 23. The spatial pattern of change in the provision of regulating ecosystem services (water quality regulation and climate regulation) in 
Šumava BR for three scenarios to 2050 (in comparison with the baseline). 










3.3.2.5 Recreation potential 
To assess the ecosystem service of nature-based recreation, we used the recreation 
potential index (RPI), reaching values on a relative scale 0-1 (Table 21). The baseline 
landscape was characterized by a moderate RPI (RPI = 0.443).  
A substantial decrease in RPI was encountered in the Red scenario (RPI = 0.398), 
characterized by low environmental concern. The main reasons for decreasing RPI 
in the Red scenario were (1) exacerbation of the condition of water bodies (including 
the negative impacts of intensive tourism in the surroundings of the Lipno reservoir), (2) 
wetland degradation and regression, (3) reduction in the area of natural forests 
and fragmentation of forest patches, (4) increase in built-up areas, and (5) weakened nature 
protection (Figure 24).  
On the other hand, the Green scenario, assuming intensified nature protection 
as the predominant driving force influencing the landscape, accounted for RPI = 0.511. 
The increase in RPI was influenced by (1) improving ecological condition of natural water 
bodies (e.g. local glacier lakes) and (2) enlargement of near-natural forests and enhanced 
forest connectivity, and (3) replacement of earlier successional stages (such as transitional 
woodland and shrubs) by mature forests, representing three aspects attracting nature-
oriented tourists. On the other hand, in some areas, the RPI under the Green scenario 
decreased as a result of reduction or replacement of originally non-forested, but valuable, 
habitats (such as natural grasslands) by forested land cover (Figure 24). 
The Shared vision was characterized by a marginal change in RPI (RPI = 0.451), 
influenced by trends similar to the Green scenario (Figure 24). 
3.3.2.6 Landscape aesthetics 
The cultural ecosystem service of landscape aesthetics was assessed using the landscape 
aesthetics index (LAI), reaching values on a relative scale 0-1 (Table 21), and reflecting 
mainly the character of LULC change and the extent of anthropogenic activities 
in the landscape. In general, landscape aesthetics were assessed to undergo only minor 
changes in the time span from 2006 to 2050 (from -2.6% to 1%). The highest values 
of LAI were reached under the Green scenarios (LAI = 0.353), as a result of increased 
forest connectivity and enlargement of forest patches, as well as the promotion 
of development towards natural forest character. Interestingly, several areas were 
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characterized by a decreasing LAI (Figure 24), due to an extensive transformation of land 
principally occupied by agriculture to pastures, which decreased the heterogeneity 
of the landscape. The baseline landscape and the Shared vision scored moderate values 
of LAI (both LAI = 0.348, 0.2% change). A decrease in LAI occurred under the Red 
scenario (to 0.329), mainly resulting from a transition of forest land to pastures 
and transitional forest succession stages. In addition, the expansion of built-up areas 
and the construction of large-scale sports and recreational facilities in the Klápa-Hraničník 
area further negatively influenced LAI in the Red scenario. 
 
Table 21. Aggregate characteristics of cultural ecosystem services (recreation potential and 
landscape aesthetics) in Šumava BR for the baseline (2006) and three scenarios to 2050. 
 Average recreation 








 [0-1 scale] [%] [0-1 scale] [%] 
Baseline 
(2006) 
0.443 0.0 0.348 0.0 
Green 
scenario 
0.511 14.5 0.353 1.0 
Shared vision 0.451 1.8 0.348 0.2 
Red scenario 0.398 -9.6 0.329 -2.6 
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ES Scenario 2006 – 2050 Legend 

































Figure 24. The spatial pattern of change in the provision of cultural ecosystem services (recreation potential and landscape aesthetics) in Šumava BR 
for three scenarios to 2050 (in comparison with the baseline). 
















The trade-offs between different types of ES in Třeboň Basin BR and Šumava BR were 
characterized by both quantitative and qualitative differences between scenarios. Figure 25 
and Figure 27 provide the general comparison of the provision of ES under each scenario, 
also illustrating whether the overall level of ES provision increased or decreased between 
2006 and 2050. Figure 26 and Figure 28 allow for the comparison of the provision 
of different types of ES, recalculated relatively according to a 1% change in climate 
regulation. 
In general, most scenarios showed synergies between regulating ES (climate regulation, 
and water quality regulation in terms of nitrogen and sediment retention) in both the cases 
of Třeboň Basin and Šumava BRs. However, there were two exceptions, specifically 
in the cases of the Market and the Biofuels scenarios, in which the change in regulating 
services between 2006 and 2050 did not follow the same pattern, showing that while 
climate regulation increased, the provision of water-related regulating services followed 
mixed trends (Figure 25 – Figure 28). 
Regarding provisioning ES, the results for Třeboň Basin BR show that crop production 
and timber production developed in an opposite direction in most scenarios, specifically 
those scenarios assuming a substantial LULC change (Conservation, Market, Exploitation). 
These results indicate that in the future, Třeboň Basin BR area might undergo a one-sided 
development decreasing the diversity of provided ES (Figure 25 and Figure 27). Synergies 
between cultural ES occurred in most of the scenarios, corroborating that aesthetically 
benign changes in landscape features and character are in turn beneficial for the nature-
based recreational potential. 
Figure 26 and Figure 28 illustrate the relative change in each studied type of ecosytsem 
service related to a 1% change in climate regulation, e.g. how many per cent increase 
or decrease a selected ES encountered while climate regulation changed by 1%. This 
approach facilitates to analyse the aspects of ES trade-offs not emerging from the general 
comparison, such as a more detailed analysis of the relationships between and within 
bundles of ES. 
The results of this analysis further corroborate the above described findings that in general, 
synergies occur between ES within the groups of regulating services (such as between 
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climate regulation and nitrogen retention) and cultural services (between landscape 
aesthetics and recreation potential). On the other hand, trade-offs between provisioning 
services (crop production and timber production) are present in most of the scenarios 
(Figure 26 and Figure 28). 
On the level of general classes of ES, in most cases, there is a synergy between regulating 
and cultural services (rendered in blue to red colour spectrum in Figure 26 and Figure 28). 
This result indicates that ecosystem changes enhancing the regulating functions 
of ecosystems (such as increased forest connectivity leading to higher climate regulation 
and nitrogen retention) tend to be concurrently beneficial in terms of intangible benefits 
derived from the ecosystems (e.g. aesthetic and recreational benefits). 
On the other hand, mutual proportions between the magnitude and direction of changes 
in individual types of ES were not identical under different scenarios, not even between 
the services of the same class (i.e. provisioning, regulating and cultural). For instance, 
the relationship between two aspects of water quality regulation – nitrogen retention 
and sediment retention – differed both in terms of magnitude and in terms of direction 
under different scenarios (Figure 26 and Figure 28).  
The magnitude and direction of change in a given ES compared to 1% change in climate 
regulation substantially differed among scenarios, e.g. the relative change in the provision 
of hydro-energy compared to a 1% change in climate regulation differed both 
quantitatively and qualitatively under different scenarios (Figure 28). Noticeably, 
the relative magnitude to which the aggregate provision of ES bundles changed compared 
to a 1% change in climate regulation differed substantially, revealing that the relationships 
between different types of ES are non-linear and their mutual proportions develop 
in a distinct pattern under different scenarios. 
The most substantial aggregate increase in the provision of ES between 2006 and 2050 
occured under the scenarios assuming intensive nature protection and focus on ecosystem 
conservation (the Conservation and the Green scenarios) (Figure 25 and Figure 27). 
On the contrary, the lowest aggregate provision of ES in 2050 was modelled 
for the scenarios assuming exploitative activities in the landscape and unsustainable 
economic growth (the Exploitation and the Red scenarios). 
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Interestingly, the aggregate level of change in ES for the Market scenario, the Biofuels 
scenario and the BaU scenario in Třeboň Basin BR, stemming from entirely different 
storylines and landscape development assumptions, is roughly similar. Generally, 
the Market and the Biofuels scenarios based on national to European-wide storylines  
showed much less substantial changes in the provision of ES than the Exploitation 


























































Figure 25. Illustration of trade-off types in Třeboň Basin BR under five scenarios by 2050: 
relative change in the provision of ecosystem services compared to 2006 [%] 
































Figure 26. Trade-offs between ecosystem services in Třeboň Basin BR in 2050: change in the provision of ecosystem services relatively to a unit 
change (1%) in climate regulation [%]. 
(Source: Author’s elaboration) 
Market Exploitation BaU Conservation Biofuels
Crops -2.07 1.97 3.00 -4.34 14.08
Timber 2.42 -1.16 4.41 2.23 2.51
Recreation -1.14 -2.38 0.84 1.10 1.45
Aesthetics 0.83 -0.30 0.20 0.78 -0.48
Water quality: Nutrients -2.09 -3.31 1.76 7.94 2.60
Water quality: Sediments 4.82 -3.70 17.82 7.13 -16.12
Climate regulation 1 -1 1 1 1



















Figure 27. Illustration of trade-off types in Šumava BR under three scenarios by 2050: 






















































Figure 28. Trade-offs between ecosystem services in Šumava BR in 2050: change in the provision of ecosystem services relatively to a unit change 
(1%) in climate regulation [%]. 
(Source: Author’s elaboration) 
Green scenario Shared vision Red scenario
Hydro-energy production -0.16 -1.99 0.18
Recreation potential 1.96 6.55 -1.51
Landscape aesthetics 0.14 0.76 -0.42
Water quality: Nutrients 4.60 -15.61 -3.42
Water quality: Sediments 10.28 -7.97 -1.46
Climate regulation 1 1 -1














The overarching aim of this thesis was to compile a coherent modelling approach 
to analyse SES dynamics – specifically, to assess potential changes in ES provision under 
diverse participatory scenarios of future LULC development. Subsequently, this 
participatory-based methodological approach was tested in selected SES, represented 
by Třeboň Basin and Šumava UNESCO Biosphere Reserves. In this section, we discuss 
the limitations of the applied approach and propose follow-up research steps. 
4.1 Study approach and limitations  
4.1.1 The concept of ecosystem services 
This study utilized the concept of ES to support decision-making related to sustainable 
landscape management in the selected case study areas. Although originally, the concept 
of ES aimed to assist sustainable landscape management and biodiversity conservation, 
arguments have been raised recently that the anthropocentric ES perspective (focusing 
on the benefits for humanity) actually distracts from the mission of biodiversity 
conservation. Although this issue remains unresolved, it appears that in this respect, 
of main concern is an overly narrow interpretation of metrics and values for ES (Reyers et 
al., 2012). 
Other critiques of the concept of ES include promotion of exploitative human-nature 
relationship and narrow focus on economic valuation. On the other hand, counter-
arguments have been raised that the ES concept emphasizes humanity’s dependence 
on nature and multiple types of values are incorporated in ES assessments (Schröter et al., 
2014). 
In addition, some studies argue that the substantial momentum the ES concept has gained 
tends to weaken other concepts promoting sustainable landscape management 
and biodiversity conservations, such as holistic ecosystem approach proposed 
by the Convention on Biological Diversity (Waylen et al., 2014). 
4.1.2 Scenario approach 
One of the fundamental parts of this study was creating scenarios of potential future LULC 
development. As the concept of scenarios often presents a subject of misunderstanding, 
we would like to emphasize that our understanding of scenario approach was in accord 
with Rounsevell and Metzger (2010); hence, we did not aim to create scenarios as forecasts 
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of future landscape development; on the contrary, the scenarios in this study should be 
approached as extreme limits between which the real landscape development will probably 
occur. By the use of scenarios, we aimed to find probable boundaries of future landscape 
development and to assess the provision of ES within the interval defined by these 
boundaries (Goldstein et al., 2012; Lorencová et al., 2013). 
Scenario approach presents an emerging method for the analysis of SES dynamics 
and participatory planning. For instance, a recent participatory case study conducted 
in southern Transylvania, Romania, employed scenarios to  identify current and future 
risks and opportunities facing SES (Hanspach et al., 2014).  Similarly to this thesis, 
the results suggested that the main opportunities for the future of the region lied 
in maintaining and carefully capitalizing on its high natural capital and cultural heritage, 
e.g. through promoting biodiversity conservation and eco-cultural tourism. 
Additional European case studies illustrating the applications of place-based participatory 
scenario planning are included in a comprehensive review by Oteros-Rozas et al. (2015): 
e.g. the Peak District National Park in England (Reed et al., 2013), Doñana National Park 
(Palomo et al., 2011) and the Conquense Drove Road (Oteros-Rozas et al., 2013) in Spain, 
and the French Alps (Lamarque et al., 2013). 
4.1.3 Stakeholder involvement and participatory approaches 
Although current socio-ecological research widely recognizes the importance 
of transdisciplinary approaches, i.e. engaging stakeholders and general public at all stages 
of research projects, the involvement of stakeholders and application of participatory 
approaches are encumbered by substantial limitations (O’Farrell and Anderson, 2010; 
Rounsevell and Metzger, 2010; Roux et al., 2010; Harrison et al., 2013). 
In general, it is rarely possible to involve an exhaustive sample of key stakeholders, due 
to limited research, time and economic capacity of research project, as well as professional 
and personal constraints on the side of the participants (Lamarque et al., 2013; Reed et al., 
2013). Thus, although the number of participants in both of our case studies was limited, 
the majority of key stakeholders representing the most important landscape pressures 
in both case study areas were involved in the analysis. In the cases when key stakeholders 
were not willing to participate in the scenario building process (such as in the case 
of forestry and fish-farming sectors in Třeboň Basin BR), we substituted their input 
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by eliciting plausible trends in these sectors from researchers involved in local 
hydrological, ecological and landscape research. Nevertheless, we acknowledge that failing 
to involve an exhaustive sample of stakeholders might have influenced the results 
of the analysis.  
Consequently, it was not possible to apply the same approach of scenario building in both 
of the case studies. While in Šumava BR case study, additional funding and capacity was 
available to organize scenario building workshops, in Třeboň Basin BR case study, 
it proved unfeasible to assemble all the key stakeholders at a one-off meeting. Therefore, 
in the letter case, the approach of individual semi-structured interviews was applied 
as a substitute for group scenario building. Considering the final composition 
of participants in both case studies (for lists of participants, see the Methods section), 
it proved feasible to gain multiple scenario storylines from stakeholders of diverse 
background for subsequent analysis. Nevertheless, it should be noted that from 
the perspective of sustainable landscape management and decision-making, group scenario 
building presents a far more beneficial option, with a potential to create consensual 
scenarios and shared visions, such as in the case of Šumava BR. 
Another issue inherent to participatory processes is based on the fact that all participants 
represent their personal and professional perspective parallelly (Metzger and Rounsevell, 
2010). For instance, one participant may present interests and opinions of a local citizen 
and a free-time farmer, and a professional water manager at the same time. This issue may 
be mitigated by including more than one participant with the same professional 
background, so that it was possible to gain a more objective perspective on which aspects 
of participants’ input are derived from their professional expertise, and which from their 
personal perspective. Nevertheless, it is generally impossible to avoid mixing personal 
and professional attitudes, which represents an unavoidable feature of the approach 
of participative scenario planning. However, this issue can also influence the information 
potential of the participatory process in a positive way, since the public opinion, 
represented by personal perspectives of local stakeholders, are highly valuable 
for the scenario building process. 
Due to these issues, future collaboration with the stakeholders in both case study areas and 
potential update of the scenario storylines with input from additional stakeholders 
represent potential next steps of this research. 
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This thesis illustrates that local knowledge by involved stakeholders can serve 
as a productive input into the process of scenario building and related ES assessment. 
The involvement of local stakeholders brings added value to scenario development 
and subsequent GIS modelling by proposing alternatives informative and relevant for local 
decision-making (Reed et al., 2013). Through the process of scenario workshops 
and individual discussions, the stakeholders were motivated to take active part in scenario 
building and to become familiar with the concepts of ES and trade-offs. Thus, the study 
design successfully served awareness-raising purposes. However, at the same time, 
the study highlighted differences between locally-based knowledge and scientific findings. 
For instance, some stakeholders preferred the exploitative scenarios, assuming they will 
generate short-term economic revenues. However, once the provision of ES resulting from 
these scenarios was modelled, the results showed that these scenarios may potentially 
hamper the provision of ES in the study areas and thus exacerbate the long-term welfare 
of local citizens (Haines-Young and Potschin, 2010; Potschin and Haines-Young, 2013). 
In this case, intuitive locally-based knowledge was in contradiction with modelling 
outcomes, and further collaboration with stakeholders is vital to communicate potential 
impacts of various scenarios based on ES provision. 
4.1.4 Assessment of ecosystem services and their trade-offs 
This study assessed a sample of ES provided by two Czech UNESCO Biosphere Reserves 
and quantified their trade-offs. The ES were evaluated focusing on several representative 
provisioning, regulating and cultural ES (Harrison et al., 2010). 
To assess provisioning and regulating ES, we adjusted and combined well-established 
modelling approaches introduced in scientific literature (Nemec and Raudsepp-Hearne, 
2012). In the case of  cultural services, the selection of modelling approaches was made 
more difficult by the complexity of the concept of cultural services, which includes a wide 
range of factors from  physical character of natural landscapes to human psychological 
traits and processes (Bratman et al., 2012). To maintain methodological coherence 
with the GIS-based assessments of provisioning and regulating services in this study, 
we assessed cultural services utilizing spatial modelling based on physical landscape 
characteristics (Martín Ramos and Otero Pastor, 2012; Maes et al., 2015). In the case 
of landscape aesthetics, the involvement of stakeholders in preference surveys 
and contingent valuation exercises was beyond the scope of this study, which aimed 
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to employ a coherent set of GIS-based methods. Thus, we did not conduct own research 
of landscape perceptions and  fully relied on previous research elucidating people’s 
preferences towards physical landscape characteristics, linking them to GIS-based analyses 
(Dramstad et al., 2006).  Similarly, in the case of recreation, we solely focused 
on recreational potential originating from the physical features of the landscapes studied, 
since conducting own visitor surveys was beyond the scope of this study. 
In line with previous studies, this study showed that synergies occur within the classes 
of regulating ES, as well as cultural ES (Rodriguez et al., 2006; Bennett et al., 2009). 
Unlike in other studies, an ambiguous relationship was found between provisioning 
services on the one hand, and cultural and regulating services on the other, emphasizing the 
diverse and non-linear relationships between different types of ecosystem services (Nelson 
et al., 2009; Goldstein et al., 2012). 
The study illustrates that the most substantial aggregate increase in the provision of ES 
occured in scenarios assuming intensive nature protection and focus on ecosystem 
conservation. On the contrary, the lowest aggregate provision of ES was modelled 
for the scenarios assuming exploitative activities in the landscape and unsustainable 
economic growth. At the same time, the results suggest that similar aggregate levels of ES 
provision may arise from different storylines and landscape development assumptions. 
4.1.5 Data and modelling limitations 
The general framework of this thesis was based on the combination of diverse modelling 
approaches, which are inherently encumbered with limitations arising from multiple data-
related issues, as well as inaccuracies arising from the design of the modelling processes 
(Schulp et al., 2014). The following points aim to address the main data and modelling 
limitations related to the analyses conducted in this study. 
1. Although we aimed to utilize spatial datasets of finest available resolution, this was 
not possible in all cases. Therefore, datasets of multiple scales and resolution were 
used in the study. While some spatial datasets were available on the case-study 
level (e.g. tourist trails), other datasets were of coarser scale, originating 
from regional to national level data (e.g. climate data). The scale and resolution 
mismatch of input data may have introduced error in the modelling processes. 
In addition, differences in temporal scale of the data, as well as differences 
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in the time of origin of the data, influenced the accuracy and validity 
of the analyses. 
2. The development of European-scale ALARM scenarios, used in this study 
as the basis for LULC modelling, started approximately a decade ago  (Settele et 
al., 2005). Since no other array of spatially explicit scenarios of a comparably fine 
resolution has been developed hitherto, this set of scenarios presents the only 
available option to utilize in the analyses. However, it is necessary to emphasize 
that some of the assumptions behind these scenarios may be outdated. For instance, 
promotion of intensive biomass production for biofuels, outlined in the SEDG 
scenario, was highly promoted in the past decade in the EU, while its political 
support has started to be revised on the European level recently (EPRS, 2015). 
3. The models utilized in this study require extensive parametrization. Although 
the choice of parameters was conducted based on a wide literature review, for some 
parameters only limited data sources were available, specific for the case study 
areas (e.g. average plant-root depth, carbon pools in various LULC types). In such 
cases, default model values or European to global scale estimates were utilized, 
which may have introduced another source of uncertainty in the analysis. 
4. During the modelling processes, multiple operations of spatial analyses were 
performed (e.g. projections to different cartographic reference systems, overlay 
operations). During such procedures, a certain proportion of information may have 
been lost and the spatial accuracy of data may have decreased. 
5. In the analyses in this study, only currently developed and peer-reviewed modelling 
approaches were applied. Nevertheless, modelling inherently presents an imperfect 
and simplified representation of reality. Since environmental models in general fail 
to represent social-ecological processes to an entirely complete and accurate level, 
all modelling results in this study need to be perceived as indicative (Schulp et al., 
2008, 2014). 
Regardless the above mentioned limitations, it should be noted that state-of-the-art 
modelling approaches and peer-reviewed datasets were used in this study (EEA, 2007; 
Spangenberg, 2007; Štěpánek et al., 2009, 2011; Bagstad, Semmens, and Winthrop, 2013; 
Maes et al., 2015), which ensured that the resulting analyses are comparable with other 
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current endeavours to model and map ES and their trade-offs (Goldstein et al., 2012; Maes 
et al., 2015; Queiroz et al., 2015). 
 
4.2 Follow-up research steps 
The methodology proposed in this thesis represents a flexible framework, which can 
be further adjusted to match specific conditions of studied SES. Further development 
is proposed in terms of: 
1. Engaging a larger and more exhaustive sample of stakeholders in participatory 
scenario planning, 
2. Employing emerging novel methods of stakeholder involvement (Hanspach et al., 
2014), 
3. Utilizing forthcoming European fine-scale RCP-based LULC change scenarios, 
currently developed e.g. within the EU 7
th
 Framework Programme project LUC4C 
(http://luc4c.eu/), 
4.  Applying more elaborate models for ES assessment. 
Apparently, all these steps need to be taken in collaboration with researchers of diverse 
backgrounds within a transdisciplinary framework. 
In terms of further steps, particularly the analysis of landscape aesthetics provides space 
for substantial future development in the conditions of the Czech Republic, towards 
incorporating the phenomenon of “landscape character”, recognized by Czech legislation 
(Act no. 114/1992 Coll., on Nature and landscape protection). Landscape character refers 
to the complex of socio-cultural and environmental features and characteristics, defining 
the distinctiveness of a landscape. As such, landscape character is of high socio-cultural 
and environmental value, and assessments of landscape character are conducted 
on a regular basis in Protected Landscape Areas (AOPK ČR, 2016). Although landscape 
character has a strong aesthetic dimension and the assessment datasets from PLAs can be 
made available, they were not incorporated in the present study, since we aimed to utilize 
solely internationally comparable methods (which was the case of the applied methodology 
by (Otero Pastor et al., 2007; Martín Ramos and Otero Pastor, 2012)). Nevertheless, future 
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research is planned to incorporate available data on landscape character in the assessment 
of cultural ES related to landscape aesthetics. 
 
Třeboň Basin BR and Šumava BR present highly valuable and vulnerable areas 
of the Czech Republic. Since the Administrations of these protected areas are responsible 
for local landscape management and environmental governance, they require science-based 
information as an input to local decision-making. Therefore, our study aimed to support 
the nature conservation decision-making process and sustainable development 
in the selected case study areas. The preliminary results of this study have been consulted 
with the representatives of the Administration of Třeboň Basin PLA. At the same time, 
our study (as well as future assessments of ES trade-offs) aim to further contribute 
to the development of Třeboň Basin LTSER platform, which is currently being promoted 






In the present thesis, a coherent modelling approach to analyse SES dynamics has been 
compiled and tested, comprising the development of alternative participatory future LULC 
scenarios and subsequent assessment of ES provision and trade-offs. The methodology was 
demonstrated on two case studies, located in Třeboň Basin UNESCO Biosphere Reserve 
and Šumava UNESCO Biosphere Reserve. 
The study showed that the selected SES were subject to complex system dynamics, 
including multiple large-scale and local-scale driving forces of both anthropogenic 
and enviromnental character. Consequently, the applied combination of participatory 
and GIS-based spatial modelling approaches ensured to  incorporate transdisciplinary 
perspectives on SES functioning. 
While including stakeholders into the process of scenario storyline building ensured that 
locally relevant phenomena were accounted for and assessed, subsequent assessment of ES 
scenarios showed the potential to facilitate the prioritisation of different landscape 
development options in the study areas, and to provide assistance to local landscape 
decision-making and nature conservation planning. 
In this perspective, the results showed that the most substantial aggregate increase 
in the provision of ES occured in scenarios assuming intensive nature protection and focus 
on ecosystem conservation. On the contrary, the lowest aggregate provision of ES was 
modelled for the scenarios assuming exploitative activities in the landscape 
and unsustainable economic growth. At the same time, the results suggest that similar 
aggregate levels of ES provision may arise from entirely different storylines and landscape 
development assumptions. 
This thesis illustrates that the concept of ES can be applied to enrich existing research 
in LTSER platforms. Our pilot assessment of ES across scenarios was intended as one 
of the steps towards further developing LTSER platforms in Třeboň Basin UNESCO 
Biosphere Reserve and Šumava UNESCO Biosphere Reserve, serving as local-scale 






AOPK ČR. Krajinný ráz a výstavba [Landscape character and construction]. 2016. 
[Accessed 2016-6-3]. Available on: http://www.ochranaprirody.cz/obecna-ochrana-
prirody-a-krajiny/krajinny-raz-a-vystavba/. 
ARCDATA. ArcČR 500 3.0. ARCDATA PRAHA/Czech Office for Surveying, Mapping 
and Cadastre/Czech Statistical Office, 2012. 
ARKEMA, K.K., GUANNEL, G., VERUTES, G., WOOD, S. A., GUERRY, A., RUCKELSHAUS, M., 
KAREIVA, P., LACAYO, M., SILVER, J.M. Coastal habitats shield people and property 
from sea-level rise and storms. Nature Climate Change. 2013, vol. 3, no. 10, pp. 913–
918. 
BAGSTAD, K.J., REED, J.M., SEMMENS, D.J., SHERROUSE, B.C., TROY, A. Linking 
biophysical models and public preferences for ecosystem service assessments: a case 
study for the Southern Rocky Mountains. Regional Environmental Change. 2015, 
DOI: 10.1007/s10113-015-0756-7. 
BAGSTAD, K.J., SEMMENS, D., WINTHROP, R., JAWORKSI, D., LARSON, J. Ecosystem 
Services Valuation to Support Decisionmaking on Public Lands - A Case Study of the 
San Pedro River Watershed, Arizona. U.S. Geological Survey Scientific Investigations 
Report 2012–5251. Reston: U.S. Geological Survey, 2012, 93 pp. 
BAGSTAD, K.J., SEMMENS, D.J., WAAGE, S., WINTHROP, R. A comparative assessment of 
decision-support tools for ecosystem services quantification and valuation. Ecosystem 
Services. 2013, vol. 5, pp. 27–39. 
BAGSTAD, K.J., SEMMENS, D.J., WINTHROP, R. Comparing approaches to spatially explicit 
ecosystem service modeling: A case study from the San Pedro River, Arizona. 
Ecosystem Services. 2013, vol. 5, pp. 40–50. 
BAGSTAD, K.J., VILLA, F., BATKER, D., HARRISON-COX, J., VOIGT, B., JOHNSON, G.W. 
From theoretical to actual ecosystem services: mapping beneficiaries and spatial flows 
in ecosystem service assessments. Ecology and Society. 2014, vol. 19, no. 2, pp. 64. 
BALBI, S., DEL PRADO, A., GALLEJONES, P., PAPPACHAN, C.P., PARDO, G., PÉREZ-MIÑANA, 
E., MANRIQUE, R., HERNANDEZ-SANTIAGO, C., VILLA, F. Modeling trade-offs among 
ecosystem services in agricultural production systems. Environmental Modelling & 
Software. 2015, vol. 72, pp. 314–326. 
BENNETT, E., BALVANERA, P. The future of production systems in a globalized world. 
Frontiers in Ecology and the Environment. 2007, vol. 5, no. 4, pp. 191–198. 
BENNETT, E.M., CARPENTER, S.R., PETERSON, G.D., CUMMING, G.S., ZUREK, M., PINGALI, 
P. Why global scenarios need ecology. Frontiers in Ecology and the Environment. 
2003, vol. 1, no. 6, pp. 322–329. 
BENNETT, E.M., PETERSON, G.D., GORDON, L.J. Understanding relationships among 
multiple ecosystem services. Ecology letters. 2009, vol. 12, no. 12, pp. 1394–404. 
BHAVE, A.G., MITTAL, N., MISHRA, A., RAGHUWANSHI, N.S. Integrated Assessment of No-
Regret Climate Change Adaptation Options for Reservoir Catchment and Command 
Areas. Water Resources Management. 2016, vol. 30, no. 3, pp. 1001–1018. 
131 
 
BLÁHA, J., ROMPORTL, D., KŘENOVÁ, Z. Can Natura 2000 mapping be used to zone the 
Šumava National Park? European Journal of Environmental Sciences. 2012, vol. 3, 
no. 1, pp. 57–64. 
BOLUND, P., HUNHAMMAR, S. Ecosystem services in urban areas. Ecological Economics. 
1999, vol. 29, no. 2, pp. 293–301. 
BOUMANS, R., ROMAN, J., ALTMAN, I., KAUFMAN, L. The Multiscale Integrated Model of 
Ecosystem Services (MIMES): Simulating the interactions of coupled human and 
natural systems. Ecosystem Services. 2015, vol. 12, pp. 30–41. 
BOYD, J., BANZHAF, S. What are ecosystem services? The need for standardized 
environmental accounting units. Ecological Economics. 2007, vol. 63, no. 2-3, pp. 
616–626. 
BRATMAN, G.N., HAMILTON, J.P., DAILY, G.C. The impacts of nature experience on human 
cognitive function and mental health. Annals of the New York Academy of Sciences. 
2012, vol. 1249, pp. 118–136. 
BROWN, G., FAGERHOLM, N. Empirical PPGIS/PGIS mapping of ecosystem services: A 
review and evaluation. Ecosystem Services. 2015, vol. 13, pp. 119–133. 
BROWN, G., KYTTÄ, M. Key issues and research priorities for public participation GIS 
(PPGIS): A synthesis based on empirical research. Applied Geography. 2014, vol. 46, 
pp. 126–136. 
BURKHARD, B., KROLL, F., MÜLLER, F., WINDHORST, W. Landscapes’ capacities to provide 
ecosystem services – a concept for land-cover based assessments. Landscape Online. 
2009, vol. 15, pp. 1–22. 
BURKHARD, B., KROLL, F., NEDKOV, S., MÜLLER, F. Mapping ecosystem service supply, 
demand and budgets. Ecological Indicators. 2012, vol. 21, pp. 17–29. 
BUSCH, M., LA NOTTE, A., LAPORTE, V., ERHARD, M. Potentials of quantitative and 
qualitative approaches to assessing ecosystem services. Ecological Indicators. 2012, 
vol. 21, pp. 89–103. 
CALDWELL, P. V, SUN, G., MCNULTY, S.G., COHEN, E.C., MOORE MYERS, J.A. Impacts of 
impervious cover, water withdrawals, and climate change on river flows in the 
conterminous US. Hydrology and Earth System Sciences. 2012, vol. 16, no. 8, pp. 
2839–2857. 
CANADELL, J., JACKSON, R.B., MOONEY, H. Maximum rooting depth of vegetation types at 
the global scale. Oecologia. 1996, vol. 108, pp. 583–595. 
CARDINALE, B.J., DUFFY, J.E., GONZALEZ, A., HOOPER, D.U., PERRINGS, C., VENAIL, P., 
NARWANI, A., MACE, G.M., TILMAN, D., WARDLE, D. A., KINZIG, A.P., DAILY, G.C., 
LOREAU, M., GRACE, J.B., LARIGAUDERIE, A., SRIVASTAVA, D.S., NAEEM, S. 
Biodiversity loss and its impact on humanity. Nature. 2012, vol. 486, no. 7401, pp. 
59–67. 
CBD. Decision X/2. The Strategic Plan for Biodiversity 2011–2020 and the Aichi Biodi- 
versity Targets. Montreal: Convention on Biological Diversity, 2010. 
CBD. Global Biodiversity Outlook 4. Montreal: Secretariat of the Convention on 
Biological Diversity, 2014, 155 pp. 
132 
 
CELIO, E., OTT, M., SIRÉN, E., GRÊT-REGAMEY, A. A prototypical tool for normative 
landscape scenario development and the analysis of actors’ policy preferences. 
Landscape and Urban Planning. 2015, vol. 137, pp. 40–53. 
CHMI. National Greenhouse Gas Inventory Report of the Czech Republic. Prague: Czech 
Hydrometeorological Institute/Ministry of the Environment of the Czech Republic, 
2012. 
CIENCIALA, E., EXNEROVÁ, Z., SCHELHAAS, M.-J. Development of forest carbon stock and 
wood production in the Czech Republic until 2060. Annals of Forest Science. 2008, 
vol. 65, pp. 603. 
COLLINS, S.L., CARPENTER, S.R., SWINTON, S.M., ORENSTEIN, D.E., CHILDERS, D.L., 
GRAGSON, T.L., GRIMM, N.B., GROVE, J.M., HARLAN, S.L., KAYE, J.P., KNAPP, A.K., 
KOFINAS, G.P., MAGNUSON, J.J., MCDOWELL, W.H., MELACK, J.M., OGDEN, L.A., 
ROBERTSON, G.P., SMITH, M.D., WHITMER, A.C. An integrated conceptual framework 
for long-term social–ecological research. Frontiers in Ecology and the Environment. 
2011, vol. 9, no. 6, pp. 351–357. 
CONTE, M., ENNAANAY, D., MENDOZA, G., WALTER, M.T., WOLNY, S., FREYBERG, D., 
NELSON, E., SOLORZANO, L. Retention of Nutrients and Sediment by Vegetation. In: 
KAREIVA, P., TALLIS, H., RICKETTS, T.H., DAILY, G.C., POLASKY, S. (Eds.). Natural 
Capital: Theory and Practice of Mapping Ecosystem Services. New York: Oxford 
University Press, USA, 2011, pp. 89–110. 
CONTE, M., NELSON, E., CARNEY, K., FISSORE, C., NASSER, O., PLANTINGA, A.J., 
STANLEY, B., RICKETTS, T. Terrestrial carbon sequestration and storage. In: KAREIVA, 
P., TALLIS, H., RICKETTS, T.H., DAILY, G.C., POLASKY, S. (Eds.). Natural Capital: 
Theory and Practice of Mapping Ecosystem Services. New York: Oxford University 
Press, USA, 2011, pp. 111–128. 
COSTANZA, R., DARGE, R., DEGROOT, R., FARBER, S., GRASSO, M., HANNON, B., 
LIMBURG, K., NAEEM, S., ONEILL, R. V, PARUELO, J., RASKIN, R.G., SUTTON, P., 
VANDENBELT, M. The value of the world’s ecosystem services and natural capital. 
Nature. 1997, vol. 387, no. 6630, pp. 253–260. 
COSTANZA, R. Ecosystem services: Multiple classification systems are needed. Biodiversity 
and Conservation. 2008, vol. 141, no. 1997, pp. 350–352. 
ČÚZK. ZABAGED Contours. Czech Office for Surveying, Mapping and Cadastre, 2013. 
DAILY, G.C., POLASKY, S., GOLDSTEIN, J., KAREIVA, P.M., MOONEY, H.A., PEJCHAR, L., 
RICKETTS, T.H., SALZMAN, J., SHALLENBERGER, R. Ecosystem services in decision 
making: time to deliver. Frontiers in Ecology and the Environment. 2009, vol. 7, no. 
1, pp. 21–28. 
DAILY, G.C. Introduction: what are ecosystem services. In: DAILY, G.C. (Ed.). Nature’s 
Services: Societal Dependence on Natural Ecosystems. Washington DC: Island Press, 
1997, pp. 1–10. 
DANIEL, T.C., MUHAR, A., ARNBERGER, A., AZNAR, O., BOYD, J.W., CHAN, K.M. A, 
COSTANZA, R., ELMQVIST, T., FLINT, C.G., GOBSTER, P.H., GRÊT-REGAMEY, A., 
LAVE, R., MUHAR, S., PENKER, M., RIBE, R.G., SCHAUPPENLEHNER, T., SIKOR, T., 
SOLOVIY, I., SPIERENBURG, M., TACZANOWSKA, K., TAM, J., VON DER DUNK, A., 
GRET-REGAMEY, A., LAVE, R., MUHAR, S., PENKER, M., RIBE, R.G., 
133 
 
SCHAUPPENLEHNER, T., SIKOR, T., SOLOVIY, I., SPIERENBURG, M., TACZANOWSKA, K., 
TAM, J., VON DER DUNK, A. Contributions of cultural services to the ecosystem 
services agenda. Proceedings of the National Academy of Sciences of the United 
States of America. 2012, vol. 109, no. 23, pp. 8812–9. 
DANIEL, T.C. Whither scenic beauty? Visual landscape quality assessment in the 21st 
century. Landscape and Urban Planning. 2001, vol. 54, pp. 267–281. 
DENDONCKER, N., BOGAERT, P., ROUNSEVELL, M.D.A. A statistical method to downscale 
aggregated land use data and scenarios. Journal of Land Use Science. 2006, vol. 1, no. 
2-4, pp. 63–82. 
VON DÖHREN, P., HAASE, D. Ecosystem disservices research: A review of the state of the 
art with a focus on cities. Ecological Indicators. 2015, vol. 52, pp. 490–497. 
DOSTÁL, T., ET AL. Metody a způsoby predikce povrchového odtoku, erozních a 
transportních procesů v krajině [Methods and approaches to predict surface run-off, 
erosion and transport landscape processes]. Prague: Czech Technical University, 
2006. 
DRAMSTAD, W.E., TVEIT, M.S., FJELLSTAD, W.J., FRY, G.L.A. Relationships between 
visual landscape preferences and map-based indicators of landscape structure. 
Landscape and Urban Planning. 2006, vol. 78, no. 4, pp. 465–474. 
DYMOND, J.R., AUSSEIL, A.-G.E., EKANAYAKE, J.C., KIRSCHBAUM, M.U.F. Tradeoffs 
between soil, water, and carbon – A national scale analysis from New Zealand. 
Journal of Environmental Management. 2012, vol. 95, no. 1, pp. 124–131. 
EC. Our life insurance, our natural capital: an EU biodiversity strategy to 2020. 
Communication from the Commission to the European Parliament, the Council, the 
Economic and Social Committee and the Committee of the Regions, COM (2011) 244 
final. Brussels: European Commission, 2011. 
EEA. CLC2006 Technical Guidelines. Copenhagen: European Environment Agency, 2007, 
70 pp. 
EEA. Using scenarios to improve understanding of environment and security issues. 
Copenhagen: European Environment Agency, 2012, 15 pp. 
EEA. Common International Classification of Ecosystem Services (CICES) Version 4.3. 
2015. [Accessed 2016-5-5]. Available on: www.cices.eu. 
EGOH, B.N., REYERS, B., ROUGET, M., BODE, M., RICHARDSON, D.M. Spatial congruence 
between biodiversity and ecosystem services in South Africa. Biological 
Conservation. 2009, vol. 142, no. 3, pp. 553–562. 
EIA SERVIS. Regulační plán: propojení Klápa-Hraničník - Dokumentace k posuzování 
vlivů na životní prostředí [Regulatory plan: Connecting Klápa-Hraničník - 
Environmental Impact Assessment Documentation]. České Budějovice: EIA Servis, 
2011, 179 pp. 
EPRS. EU biofuels policy: Dealing with indirect land use change. European Parliamentary 
Research Service, 2015. 
ESRI. ArcGIS 10.2. Redlands, CA: Environmental System Research Institute, 2013. 
EWERT, F., ROUNSEVELL, M.D.A., REGINSTER, I., METZGER, M.J., LEEMANS, R. Future 
134 
 
scenarios of European agricultural land use I. Estimating changes in crop 
productivity. Agriculture, Ecosystems & Environment. 2005, vol. 107, no. 2-3, pp. 
101–116. 
FAGERHOLM, N., KÄYHKÖ, N., VAN EETVELDE, V. Landscape characterization integrating 
expert and local spatial knowledge of land and forest resources. Environmental 
Management. 2013, vol. 52, pp. 660–682. 
FAGERHOLM, N., KÄYHKÖ, N., NDUMBARO, F., KHAMIS, M. Community stakeholders’ 
knowledge in landscape assessments - Mapping indicators for landscape services. 
Ecological Indicators. 2012, vol. 18, pp. 421–433. 
FISCHER, J., LINDENMAYER, D.B., MANNING, A.D. Biodiversity, ecosystem function, and 
resilience: ten guiding principles for commodity production landscapes. Frontiers in 
Ecology and the Environment. 2006, vol. 4, no. 2, pp. 80–86. 
FISHER, B., TURNER, R.K., MORLING, P. Defining and classifying ecosystem services for 
decision making. Ecological Economics. 2009, vol. 68, no. 3, pp. 643–653. 
FOLEY, J. A, DEFRIES, R., ASNER, G.P., BARFORD, C., BONAN, G., CARPENTER, S.R., 
CHAPIN, F.S., COE, M.T., DAILY, G.C., GIBBS, H.K., HELKOWSKI, J.H., HOLLOWAY, 
T., HOWARD, E.A., KUCHARIK, C.J., MONFREDA, C., PATZ, J. A, PRENTICE, I.C., 
RAMANKUTTY, N., SNYDER, P.K. Global consequences of land use. Science. 2005, 
vol. 309, no. 5734, pp. 570–4. 
FOREST EUROPE, UNECE, FAO. State of Europe’s Forests 2011 - Status and Trends in 
Sustainable Forest Management in Europe. 2011. 
GOBSTER, P.H., NASSAUER, J.I., DANIEL, T.C., FRY, G. The shared landscape: What does 
aesthetics have to do with ecology? Landscape Ecology. 2007, vol. 22, pp. 959–972. 
GOLDSTEIN, J.H., CALDARONE, G., DUARTE, T.K., ENNAANAY, D., HANNAHS, N., 
MENDOZA, G., POLASKY, S., WOLNY, S., DAILY, G.C. Integrating ecosystem-service 
tradeoffs into land-use decisions. Proceedings of the National Academy of Sciences. 
2012, vol. 109, no. 19, pp. 7565–7570. 
GÓMEZ-BAGGETHUN, E., BARTON, D.N. Classifying and valuing ecosystem services for 
urban planning. Ecological Economics. 2013, vol. 86, pp. 235–245. 
GREEN, C., TOBIN, B., O’SHEA, M., FARRELL, E.P., BYRNE, K.A. Above- and belowground 
biomass measurements in an unthinned stand of Sitka spruce (Picea sitchensis (Bong) 
Carr.). European Journal of Forest Research. 2007, vol. 126, no. 2, pp. 179–188. 
GRÊT-REGAMEY, A., BEBI, P., BISHOP, I.D., SCHMID, W.A., GRET-REGAMEY, A., BEBI, P., 
BISHOP, I.D., SCHMID, W.A. Linking GIS-based models to value ecosystem services 
in an Alpine region. Journal of environmental management. 2008, vol. 89, no. 3, pp. 
197–208. 
GRÊT-REGAMEY, A., BISHOP, I.D., BEBI, P. Predicting the scenic beauty value of mapped 
landscape changes in a mountainous region through the use of GIS. Environment and 
Planning B: Planning and Design. 2007, vol. 34, no. 1, pp. 50–67. 
DE GROOT, R.S., ALKEMADE, R., BRAAT, L., HEIN, L., WILLEMEN, L. Challenges in 
integrating the concept of ecosystem services and values in landscape planning, 




DE GROOT, R.S., WILSON, M.A., BOUMANS, R.M.J. A typology for the classification, 
description and valuation of ecosystem functions, goods and services. Ecological 
Economics. 2002, vol. 41, no. 3, pp. 393–408. 
HAASE, D., SCHWARZ, N., STROHBACH, M., KROLL, F., SEPPELT, R. Synergies, trade-offs, 
and losses of ecosystem services in urban regions: An integrated multiscale 
framework applied to the Leipzig-Halle region, Germany. Ecology and Society. 2012, 
vol. 17, no. 3, pp. 22. 
HABERL, H., WINIWARTER, V., ANDERSSON, K., AYRES, R.U., BOONE, C., CASTILLO, A., 
CUNFER, G. From LTER to LTSER: Conceptualizing the Socioeconomic Dimension 
of Long-term Socioecological Research. Ecology & society. 2006, vol. 11, no. 2, pp. 
13. 
HAGERHALL, C.M. Consensus in Landscape Preference Judgements. Journal of 
Environmental Psychology. 2001, vol. 21, no. 1, pp. 83–92. 
HAINES-YOUNG, R., PATERSON, J., POTSCHIN, M., WILSON, A., KASS, G. The UK NEA 
Scenarios: Development of Storylines and Analysis of Outcomes. In: The UK 
National Ecosystem Assessment: Technical Report. Cambridge: UNEP-WCMC, 2011, 
pp. 1195–1264. 
HAINES-YOUNG, R., POTSCHIN, M. The links between biodiversity, ecosystem services and 
human well-being. In: RAFFAELLI, D.G., FRID, C.L.J. (Eds.). Ecosystem Ecology: A 
New Synthesis. New York: Cambridge University Press, 2010, pp. 110 – 139. 
HAINES-YOUNG, R., POTSCHIN, M. Common International Classification of Ecosystem 
Services (CICES): Consultation on Version 4, August-December 2012. EEA 
Framework Contract No EEA/IEA/09/003, 2013, 34 pp. 
HANSPACH, J., HARTEL, T., MILCU, A.I., MIKULCAK, F., DORRESTEIJN, I., LOOS, J., VON 
WEHRDEN, H., KUEMMERLE, T., ABSON, D., KOVACS-HOSTYANSZKI, A., BALDI, A., 
FISCHER, J. A holistic approach to studying social-ecological systems and its 
application to southern Transylvania. Ecology and Society. 2014, vol. 19, no. 4, DOI: 
10.5751/ES-06915-190432. 
HANSSON, L.-A., BRÖNMARK, C., NILSSON, P.A., ÅBJÖRNSSON, K. Conflicting demands on 
wetland ecosystem services: nutrient retention, biodiversity or both? Freshwater 
Biology. 2005, vol. 50, pp. 705–714. 
HARMÁČKOVÁ, Z. V., VAČKÁŘ, D. Modelling regulating ecosystem services trade-offs 
across landscape scenarios in Třeboňsko Wetlands Biosphere Reserve, Czech 
Republic. Ecological Modelling. 2015, vol. 295, pp. 207–215. 
HARRISON, P.A., HOLMAN, I.P., COJOCARU, G., KOK, K., KONTOGIANNI, A., METZGER, 
M.J., GRAMBERGER, M. Combining qualitative and quantitative understanding for 
exploring cross-sectoral climate change impacts, adaptation and vulnerability in 
Europe. Regional Environmental Change. 2013, vol. 13, no. 4, pp. 761–780. 
HARRISON, P.A., VANDEWALLE, M., SYKES, M.T., BERRY, P.M., BUGTER, R., DE BELLO, F., 
FELD, C.K., GRANDIN, U., HARRINGTON, R., HASLETT, J.R., JONGMAN, R.H.G., LUCK, 
G.W., DA SILVA, P.M., MOORA, M., SETTELE, J., SOUSA, J.P., ZOBEL, M. Identifying 
and prioritising services in European terrestrial and freshwater ecosystems. 
Biodiversity and Conservation. 2010, vol. 19, no. 10, pp. 2791–2821. 
136 
 
HOOPER, D.U., ADAIR, E.C., CARDINALE, B.J., BYRNES, J.E.K., HUNGATE, B. A., 
MATULICH, K.L., GONZALEZ, A., DUFFY, J.E., GAMFELDT, L., O’CONNOR, M.I. A 
global synthesis reveals biodiversity loss as a major driver of ecosystem change. 
Nature. 2012, vol. 486, no. 7401, pp. 105–108. 
HOWLEY, P. Landscape aesthetics: Assessing the general publics’ preferences towards rural 
landscapes. Ecological Economics. 2011, vol. 72, pp. 161–169. 
HURTT, G.C., CHINI, L.P., FROLKING, S., BETTS, R. A., FEDDEMA, J., FISCHER, G., FISK, 
J.P., HIBBARD, K., HOUGHTON, R. A., JANETOS,  A., JONES, C.D., KINDERMANN, G., 
KINOSHITA, T., KLEIN GOLDEWIJK, K., RIAHI, K., SHEVLIAKOVA, E., SMITH, S., 
STEHFEST, E., THOMSON,  A., THORNTON, P., VUUREN, D.P., WANG, Y.P. 
Harmonization of land-use scenarios for the period 1500–2100: 600 years of global 
gridded annual land-use transitions, wood harvest, and resulting secondary lands. 
Climatic Change. 2011, vol. 109, no. 1-2, pp. 117–161. 
IFER. Inventarizace krajiny - CzechTerra [Inventorying of landscape - CzechTerra]. 
Prague: Ministry of the Environment of the Czech Republic, 2010. 
IPCC. Good Practice Guidance for Land Use, Land-Use Change and Forestry. Hayama: 
Institute for Global Environmental Strategies, 2003, 590 pp. 
IPCC. IPCC Guidelines for National Greenhouse Gas Inventories - Volume 4: Agriculture, 
Forestry and Other Land Use. Hayama: Institute for Global Environmental Strategies, 
2006. 
IPCC. Climate Change 2007: Synthesis Report. Contribution of Working Groups I, II and 
III to the Fourth Assessment Report of the IPCC. Geneva: Intergovernmental Panel on 
Climate Change, 2007, 104 pp. 
IPCC. Climate Change 2014: Synthesis Report. Contribution of Working Groups I, II and 
III to the Fifth Assessment Report of the IPCC. Geneva: Intergovernmental Panel on 
Climate Change, 2014. 
ISELY, E.S., ISELY, P., SEEDANG, S., MULDER, K., THOMPSON, K., STEINMAN, A.D. 
Addressing the information gaps associated with valuing green infrastructure in west 
Michigan: INtegrated Valuation of Ecosystem Services Tool (INVEST). Journal of 
Great Lakes Research. 2010, vol. 36, no. 3, pp. 448–457. 
IUCN. Význam rybníků pro krajinu střední Evropy: Trvale udržitelné využívání rybníků v 
Chráněné krajinné oblasti a biosférické rezervaci Třeboňsko [Sustainable use of 
fishponds in the Třeboňsko Protected Landscape Area and Biosphere Reserve]. 
Prague/Gland/Cambridge: Czech Coordination Centre of IUCN/IUCN, 1996. 
JACOBS, S., BURKHARD, B., VAN DAELE, T., STAES, J., SCHNEIDERS, A. “The Matrix 
Reloaded”: A review of expert knowledge use for mapping ecosystem services. 
Ecological Modelling. 2014, vol. 295, pp. 21–30. 
JANEČEK, M., ET AL. Ochrana zemědělské půdy před erozí [Erosion protection of 
agricultural land]. Prague: Czech University of Life Sciences, 2012. 
JANOUS, D., PAVELKA, M., MACKU, J., HAVRANKOVA, K., MAREK, M. V. Carbon stock 
changes in forest soils under warming. Geophysical Research Abstracts. 2010, vol. 
12, pp. 11107. 
JENÍK, J., PŘIBYL, S. (Eds.). Ekologie a ekonomika Třeboňska [Ecology and economics of 
137 
 
Třeboňsko]. Třeboň: Botanický ústav ČSAV, 1978. 
JIANG, B., LARSEN, L., DEAL, B., SULLIVAN, W.C. A dose–response curve describing the 
relationship between tree cover density and landscape preference. Landscape and 
Urban Planning. 2015, vol. 139, pp. 16–25. 
JOYCE, C. The sensitivity of a species-rich flood-meadow plant community to fertilizer 
nitrogen: the Lužnice river floodplain, Czech Republic. Plant Ecology. 2001, vol. 
155, pp. 47–60. 
KAREIVA, P., TALLIS, H., RICKETTS, T.H., DAILY, G.C., POLASKY, S. Natural Capital: 
Theory and Practice of Mapping Ecosystem Services. New York: Oxford University 
Press, USA, 2011, 432 pp. 
KELEMEN, E., GARCÍA-LLORENTE, M., PATAKI, G., MARTÍN-LOPEZ, B., GÓMEZ-
BAGGETHUN, E. Non-monetary techniques for the valuation of ecosystem services. 
OpenNESS Syntehsis Papers No. 6. (draft version), 2014. 
KINDLMANN, P., MATĚJKA, K., DOLEŽAL, P. Lesy Šumavy, lýkožrout a ochrana přírody 
[The Šumava forests, bark beetle and nature conservation]. Prague: Karolinum, 2012, 
328 pp. 
KŘENOVÁ, Z., HRUŠKA, J. Proper zonation – an essential tool for the future conservation of 
the Šumava National Park. European Journal of Environmental Sciences. 2012, vol. 
2, no. 1, pp. 62–72. 
KRIEGLER, E., EDMONDS, J., HALLEGATTE, S. A new scenario framework for climate 
change research : the concept of shared climate policy assumptions. 2014, pp. 401–
414. 
DE LA FUENTE DE VAL, G., ATAURI, J. A. J.A., DE LUCIO, J.V.J. V. Relationship between 
landscape visual attributes and spatial pattern indices: A test study in Mediterranean-
climate landscapes. Landscape and Urban Planning. 2006, vol. 77, no. 4, pp. 393–
407. 
LAMARQUE, P., ARTAUX, A., BARNAUD, C., DOBREMEZ, L., NETTIER, B., LAVOREL, S. 
Taking into account farmers’ decision making to map fine-scale land management 
adaptation to climate and socio-economic scenarios. Landscape and Urban Planning. 
2013, vol. 119, pp. 147–157. 
LANDERS, D., NAHLIK, A. Final Ecosystem Goods and Services Classification System 
(FEGS-CS). EPA/600/R-13/ORD-004914. Washington DC: U.S. Environmental 
Protection Agency, 2013, 108 pp. 
LAUTENBACH, S., KUGEL, C., LAUSCH, A., SEPPELT, R. Analysis of historic changes in 
regional ecosystem service provisioning using land use data. Ecological Indicators. 
2011, vol. 11, no. 2, pp. 676–687. 
LAUTENBACH, S., MAES, J., KATTWINKEL, M., SEPPELT, R., STRAUCH, M., SCHOLZ, M., 
SCHULZ-ZUNKEL, C., VOLK, M., WEINERT, J., DORMANN, C.F. Mapping water quality-
related ecosystem services: concepts and applications for nitrogen retention and 
pesticide risk reduction. International Journal of Biodiversity Science Ecosystem 
Services Management. 2012, vol. iFirst, no. February, pp. 1–15. 
LINDSAY, R. Peatbogs and carbon: a critical synthesis to inform policy development in 
oceanic peat bog conservation and restoration in the context of climate change 
138 
 
(Technical report). University of East London, Environmental ResearchGroup, 2010. 
LORENCOVÁ, E., FRÉLICHOVÁ, J., NELSON, E., VAČKÁŘ, D. Past and future impacts of land 
use and climate change on agricultural ecosystem services in the Czech Republic. 
Land Use Policy. 2013, vol. 33, pp. 183–194. 
LOTZE-CAMPEN, H. Socio-ecological monitoring of biodiversity change: Building upon the 
World Network of Biosphere Reserves. Gaia - Ecological Perspectives for Science 
and Society. 2008, vol. 17, no. Supplement 1, pp. 107–115. 
LYYTIMÄKI, J. Ecosystem disservices: Embrace the catchword. Ecosystem Services. 2014, 
vol. 12, pp. 136. 
MA. Millennium Ecosystem Assessment - Synthesis Report. Washington, DC: Island Press, 
2005, 155 pp. 
MAES, J., FABREGA, N., ZULIAN, G., BARBOSA, A., IVITS, E., POLCE, C., VANDECASTEELE, 
I., MARÍ, I., GUERRA, C., CASTILLO, C.P., VALLECILLO, S., BARANZELLI, C., 
BARRANCO, R., BATISTA, F., TROMBETTI, M., LAVALLE, C. Mapping and Assessment 
of Ecosystems and their Services: Trends in ecosystems and ecosystem services in the 
European Union between 2000 and 2010. JRC Scienca and Policy report. 
Luxembourg: Publications Office of the European Union, 2015. 
MAES, J., PARACCHINI, M.L., ZULIAN, G., DUNBAR, M.B., ALKEMADE, R. Synergies and 
trade-offs between ecosystem service supply, biodiversity, and habitat conservation 
status in Europe. Biological Conservation. 2012, vol. 155, pp. 1–12. 
MAES, J., TELLER, A., ERHARD, M., LIQUETE, C., BRAAT, L., BERRY, P., EGOH, B.N., 
PUYDARRIEUX, P., FIORINA, C., SANTOS, F., PARACCHINI, M.L., KEUNE, H., WITTMER, 
H., HAUCK, J., FIALA, I., VERBURG, P.H., CONDÉ, S., SCHÄGNER, J.P., SAN MIGUEL, J., 
ESTREGUIL, C., OSTERMANN, O., BARREDO, J.I., PEREIRA, H.M., STOTT, A., LAPORTE, 
V., MEINER, A., OLAH, B., ROYO GELABERT, E., SPYROPOULOU, R., PETERSEN, J., 
MAGUIRE, C., ZAL, N., ACHILLEOS, E., RUBIN, A., LEDOUX, L., BROWN, C., RAES, C., 
JACOBS, S., VANDEWALLE, M., CONNOR, D., BIDOGLIO, G. Mapping and Assessment 
of Ecosystems and their Services: An analytical framework for ecosystem assessments 
under action 5 of the EU biodiversity strategy to 2020 57. Luxembourg: Publications 
Office of the European Union, 2013. 
MARTÍN RAMOS, B., OTERO PASTOR, I. Mapping the visual landscape quality in Europe 
using physical attributes. Journal of Maps. 2012, vol. 8, no. 1, pp. 56–61. 
MAUZ, I., PELTOLA, T., GRANJOU, C., VAN BOMMEL, S., BUIJS, A. How scientific visions 
matter: insights from three long-term socio-ecological research (LTSER) platforms 
under construction in Europe. Environmental Science & Policy. 2012, vol. 19-20, pp. 
90–99. 
METZGER, M.J., ROUNSEVELL, M.D. A. How personal judgment influences scenario 
development: an example for future rural development in Europe. Ecology and 
Society. 2010, vol. 15, no. 2. 
METZGER, M.J., ROUNSEVELL, M.D.A., ACOSTA-MICHLIK, L., LEEMANS, R., SCHRÖTER, D. 
The vulnerability of ecosystem services to land use change. Agriculture, Ecosystems 
& Environment. 2006, vol. 114, no. 1, pp. 69–85. 
MILESTAD, R., SVENFELT, Å., DREBORG, K.H. Developing integrated explorative and 
139 
 
normative scenarios: The case of future land use in a climate-neutral Sweden. 
Futures. 2014, vol. 60, pp. 59–71. 
MILLER, B.W., CAPLOW, S.C., LESLIE, P.W. Feedbacks between Conservation and Social-
Ecological Systems. Conservation Biology. 2012, vol. 26, no. 2, pp. 218–227. 
MOSS, R.H., EDMONDS, J.A., HIBBARD, K.A., MANNING, M.R., ROSE, S.K., VAN VUUREN, 
D.P., CARTER, T.R., EMORI, S., KAINUMA, M., KRAM, T., MEEHL, G.A., MITCHELL, 
J.F.B., NAKICENOVIC, N., RIAHI, K., SMITH, S.J., STOUFFER, R.J., THOMSON, A.M., 
WEYANT, J.P., WILBANKS, T.J. The next generation of scenarios for climate change 
research and assessment. Nature. 2010, vol. 463, no. 7282, pp. 747–56. 
MUND, M. Carbon pools of European beech forests (Fagus sylvatica) under different 
silvicultural management. 2004. 
NAKIĆENOVIĆ, N., ALCAMO, J., DAVIS, G., DE VRIES, B., FENHANN, J., GAFFIN, S., 
GREGORY, K., GRÜBLER, A., JUNG, T.Y., KRAM, T., EMILIO LA ROVERE, E., 
MICHAELIS, L., MORI, S., MORITA, T., PEPPER, W., PITCHER, H., PRICE, L., RIAHI, K., 
ROEHRL, A., ROGNER, H.-H., SANKOVSKI, A., SCHLESINGER, M.E., SHUKLA, P.R., 
SMITH, S., SWART, R.J., VAN ROOYEN, S., VICTOR, N., DADI, Z. Special Report on 
Emissions Scenarios. Cambridge, UK: Cambridge University Press, 2000. 
NASSL, M., LÖFFLER, J. Ecosystem services in coupled social–ecological systems: Closing 
the cycle of service provision and societal feedback. Ambio. 2015, DOI: 
10.1007/s13280-015-0651-y. 
NEDKOV, S., BURKHARD, B. Flood regulating ecosystem services - Mapping supply and 
demand, in the Etropole municipality, Bulgaria. Ecological Indicators. 2012, vol. 21, 
pp. 67–79. 
NEILL, B.C.O., KRIEGLER, E., RIAHI, K., EBI, K.L. A new scenario framework for climate 
change research: the concept of shared socioeconomic pathways. 2014, pp. 387–400. 
NELSON, E., MENDOZA, G., REGETZ, J., POLASKY, S., TALLIS, H., CAMERON, D.R., CHAN, 
K.M.A., DAILY, G.C., GOLDSTEIN, J., KAREIVA, P.M., LONSDORF, E., NAIDOO, R., 
RICKETTS, T.H., SHAW, M.R. Modeling multiple ecosystem services, biodiversity 
conservation, commodity production, and tradeoffs at landscape scales. Frontiers in 
Ecology and the Environment. 2009, vol. 7, no. 1, pp. 4–11. 
NELSON, E., SANDER, H., HAWTHORNE, P., CONTE, M., ENNAANAY, D., WOLNY, S., 
MANSON, S., POLASKY, S. Projecting Global Land-Use Change and Its Effect on 
Ecosystem Service Provision and Biodiversity with Simple Models. PLoS ONE. 2010, 
vol. 5, no. 12, pp. e14327. 
NEMEC, K.T., RAUDSEPP-HEARNE, C. The use of geographic information systems to map 
and assess ecosystem services. Biodiversity and Conservation. 2012, vol. 22, no. 1, 
pp. 1–15. 
NOVOTNÁ, M., KOPP, J. Migrační trendy v regionu Šumava po roce 1990 [Migration trends 
in the Bohemian Forest region after 1990]. Silva Gabreta. 2010, vol. 16, no. 3, pp. 
187–206. 
O’FARRELL, P.J., ANDERSON, P.M. Sustainable multifunctional landscapes: a review to 
implementation. Current Opinion in Environmental Sustainability. 2010, vol. 2, no. 1-
2, pp. 59–65. 
140 
 
O’HALLORAN, L.R., BORER, E.T., SEABLOOM, E.W., MACDOUGALL, A.S., CLELAND, E.E., 
MCCULLEY, R.L., HOBBIE, S.E., HARPOLE, W.S., DECRAPPEO, N.M., CHU, C., 
BAKKER, J.D., DAVIES, K.F., DU, G., FIRN, J., HAGENAH, N., ORROCK, J.L., PROBER, 
S.M., STEVENS, C.J. Regional Contingencies in the Relationship between 
Aboveground Biomass and Litter in the World’s Grasslands. PLoS ONE. 2013, vol. 8, 
no. 2, pp. e54988. 
OECD. Handbook on Constructing Composite Indicators: Methodology and User Guide. 
OECD Publishing, 2008, 158 pp. 
OHL, C., JOHST, K., MEYERHOFF, J., BECKENKAMP, M., GRÜSGEN, V., DRECHSLER, M. 
Long-term socio-ecological research (LTSER) for biodiversity protection – A 
complex systems approach for the study of dynamic human–nature interactions. 
Ecological Complexity. 2010, vol. 7, no. 2, pp. 170–178. 
OTERO PASTOR, I., CASERMEIRO MARTÍNEZ, M. A., EZQUERRA CANALEJOA, A., ESPARCIA 
MARIÑO, P. Landscape evaluation: Comparison of evaluation methods in a region of 
Spain. Journal of Environmental Management. 2007, vol. 85, no. 1, pp. 204–214. 
OTEROS-ROZAS, E., MARTÍN-LÓPEZ, B., DAW, T., BOHENSKY, E., BUTLER, J., HILL, R., 
MARTIN-ORTEGA, J., QUINLAN, A., RAVERA, F., RUIZ-MALLÉN, I., THYRESSON, M., 
MISTRY, J., PALOMO, I., PETERSON, G., PLIENINGER, T., WAYLEN, K., BEACH, D., 
BOHNET, I., HAMANN, M., HANSPACH, J., HUBACEK, K., LAVOREL, S., VILARDY, S. 
Participatory scenario-planning in place-based social-ecological research: insights and 
experiences from 23 case studies. Ecology and Society. 2015, vol. 20, no. 4, pp. 32. 
OTEROS-ROZAS, E., MARTÍN-LÓPEZ, B., LÓPEZ, C.A., PALOMO, I., GONZÁLEZ, J.A. 
Envisioning the future of transhumant pastoralism through participatory scenario 
planning: a case study in Spain. The Rangeland Journal. 2013, vol. 35, no. 3, pp. 251. 
VAN OUDENHOVEN, A.P.E., PETZ, K., ALKEMADE, R., HEIN, L., DE GROOT, R.S. 
Framework for systematic indicator selection to assess effects of land management on 
ecosystem services. Ecological Indicators. 2012, vol. 21, pp. 110–122. 
PALOMO, I., MARTIN-LOPEZ, B., LOPEZ-SANTIAGO, C., MONTES, C. Participatory scenario 
planning for protected areas management under the ecosystem services framework: 
the Donana social-ecological system in southwestern Spain. Ecology and Society. 
2011, vol. 16, no. 1, pp. art23–art23. 
PARACCHINI, M.L., PACINI, C., JONES, M.L.M., PÉREZ-SOBA, M. An aggregation 
framework to link indicators associated with multifunctional land use to the 
stakeholder evaluation of policy options. Ecological Indicators. 2011, vol. 11, no. 1, 
pp. 71–80. 
PARACCHINI, M.L., ZULIAN, G., KOPPEROINEN, L., MAES, J., SCHÄGNER, J.P., TERMANSEN, 
M., ZANDERSEN, M., PEREZ-SOBA, M., SCHOLEFIELD, P. A., BIDOGLIO, G. Mapping 
cultural ecosystem services: A framework to assess the potential for outdoor 
recreation across the EU. Ecological Indicators. 2014, vol. 45, pp. 371–385. 
PEH, K.S.-H., BALMFORD, A., BRADBURY, R.B., BROWN, C., BUTCHART, S.H.M., HUGHES, 
F.M.R., STATTERSFIELD, A., THOMAS, D.H.L., WALPOLE, M., BAYLISS, J., GOWING, 
D., JONES, J.P.G., LEWIS, S.L., MULLIGAN, M., PANDEYA, B., STRATFORD, C., 
THOMPSON, J.R., TURNER, K., VIRA, B., WILLCOCK, S., BIRCH, J.C. TESSA: A toolkit 
for rapid assessment of ecosystem services at sites of biodiversity conservation 
141 
 
importance. Ecosystem Services. 2013, vol. 5, pp. 51–57. 
PERLÍN, R., BIČÍK, I. Lokální rozvoj na Šumavě. Analýza vývoje Národního parku Šumava 
za období uplynulých 15 let [Local development in the Šumava region. Analysis of the 
development in the Šumava National Park after 15 years – Final summarizing 
report]. Administration of Šumava NP and PLA, 2010, 188 pp. 
PETERSON, G.D., CUMMING, G.S., CARPENTER, S.R. Scenario planning: a tool for 
conservation in an unceratin world. Conservation Biology. 2003, vol. 17, no. 2, pp. 
358–366. 
POKORNÝ, J., ŠULCOVÁ, J., HÁTLE, M., HLÁSEK, J. (Eds.). Třeboňsko 2000 - ekologie a 
ekonomika Třeboňska po dvaceti letech [Třeboňsko 2000 - the ecology and economics 
of the Třeboň Region 20 years after]. Třeboň: ENKI, o.p.s., 2000. 
POLASKY, S., NELSON, E., CAMM, J., CSUTI, B., FACKLER, P., LONSDORF, E., 
MONTGOMERY, C., WHITE, D., ARTHUR, J., GARBER-YONTS, B., HAIGHT, R., KAGAN, 
J., STARFIELD, A., TOBALSKE, C. Where to put things ? Spatial land management to 
sustain biodiversity and economic returns. Biological Conservation. 2008, vol. 141, 
pp. 1505–1524. 
POTSCHIN, M., HAINES-YOUNG, R. Landscapes, sustainability and the place-based analysis 
of ecosystem services. Landscape Ecology. 2013, vol. 28, pp. 1053–1065. 
QUEIROZ, C., MEACHAM, M., RICHTER, K., NORSTRÖM, A. V., ANDERSSON, E., NORBERG, 
J., PETERSON, G., NORSTRO, A. V, ANDERSSON, E., NORBERG, J., PETERSON, G. 
Mapping bundles of ecosystem services reveals distinct types of multifunctionality 
within a Swedish landscape. Ambio. 2015, vol. 44, no. S1, pp. 89–101. 
RAMMEL, C., STAGL, S., WILFING, H. Managing complex adaptive systems - A co-
evolutionary perspective on natural resource management. Ecological Economics. 
2007, vol. 63, no. 1, pp. 9–21. 
RAUDSEPP-HEARNE, C., PETERSON, G.D., BENNETT, E.M. Ecosystem service bundles for 
analyzing tradeoffs in diverse landscapes. Proceedings of the National Academy of 
Sciences of the United States of America. 2010, vol. 107, no. 11, pp. 5242–7. 
RAYMOND, C.M., BRYAN, B. A., MACDONALD, D.H., CAST, A., STRATHEARN, S., 
GRANDGIRARD, A., KALIVAS, T. Mapping community values for natural capital and 
ecosystem services. Ecological Economics. 2009, vol. 68, no. 5, pp. 1301–1315. 
RECKHOW, K.H., BEAULAC, M.N., SIMPSON, J.T. Modeling Phosphorus Loading and Lake 
Response under Uncertainty: A Manual and Compilation of Export Coefficients. 
Washington, DC: US Environmental Protection Agency, 1980. 
REDMAN, C.L., GROVE, J.M., KUBY, L.H., MORGAN, L., KUBY, H. Integrating Social 
Science into the Long-Term Ecological Research (LTER) Network: Social 
Dimensions of Ecological Change and Ecological Dimensions of Social Change. 
Ecosystems. 2004, vol. 7, no. 2, pp. 161–171. 
REED, M.S., KENTER, J., BONN, A., BROAD, K., BURT, T.P., FAZEY, I.R., FRASER, E.D.G., 
HUBACEK, K., NAINGGOLAN, D., QUINN, C.H., STRINGER, L.C., RAVERA, F. 
Participatory scenario development for environmental management: a methodological 
framework illustrated with experience from the UK uplands. Journal of 
environmental management. 2013, vol. 128, pp. 345–362. 
142 
 
REED, M.S. Stakeholder participation for environmental management: A literature review. 
Biological Conservation. 2008, vol. 141, no. 10, pp. 2417–2431. 
REYERS, B., POLASKY, S., TALLIS, H., MOONEY, H. A, LARIGAUDERIE,  A. Finding Common 
Ground for Biodiversity and Ecosystem Services. Bioscience. 2012, vol. 62, no. 5, pp. 
503–507. 
ROCKSTRÖM, J., STEFFEN, W., NOONE, K., PERSSON, A., CHAPIN, F.S., LAMBIN, E.F., 
LENTON, T.M., SCHEFFER, M., FOLKE, C., SCHELLNHUBER, H.J., NYKVIST, B., DE WIT, 
C.A., HUGHES, T., VAN DER LEEUW, S., RODHE, H., SORLIN, S., SNYDER, P.K., 
COSTANZA, R., SVEDIN, U., FALKENMARK, M., KARLBERG, L., CORELL, R.W., FABRY, 
V.J., HANSEN, J., WALKER, B., LIVERMAN, D., RICHARDSON, K., CRUTZEN, P., FOLEY, 
J.A. A safe operating space for humanity. Nature. 2009, vol. 461, no. 24, pp. 472–
475. 
RODRIGUEZ, J.P., BEARD, T. DOUGLAS, J., BENNETT, E.M., CUMMING, G.S., CORK, S.J., 
AGARD, J., DOBSON, A.P., PETERSON, G.D., RODRÍGUEZ, J.P., BEARD, T.D. Trade-offs 
across Space, Time, and Ecosystem Services. Ecology and Society. 2006, vol. 11, no. 
1, pp. 28. 
ROGELJ, J., MEINSHAUSEN, M., KNUTTI, R. Global warming under old and new scenarios 
using IPCC climate sensitivity range estimates. Nature Climate Change. 2012, vol. 2, 
no. 4, pp. 248–253. 
ROUNSEVELL, M.D.A., EWERT, F., REGINSTER, I., LEEMANS, R., CARTER, T.R. Future 
scenarios of European agricultural land use II. Projecting changes in cropland and 
grassland. Agriculture, Ecosystems & Environment. 2005, vol. 107, no. 2-3, pp. 117–
135. 
ROUNSEVELL, M.D.A., METZGER, M.J. Developing qualitative scenario storylines for 
environmental change assessment. Wiley Interdisciplinary Reviews: Climate Change. 
2010, vol. 1, no. 4, pp. 606–619. 
ROUNSEVELL, M.D.A., PEDROLI, B., ERB, K.-H., GRAMBERGER, M., BUSCK, A.G., HABERL, 
H., KRISTENSEN, S., KUEMMERLE, T., LAVOREL, S., LINDNER, M., LOTZE-CAMPEN, H., 
METZGER, M.J., MURRAY-RUST, D., POPP, A., PÉREZ-SOBA, M., REENBERG, A., 
VADINEANU, A., VERBURG, P.H., WOLFSLEHNER, B. Challenges for land system 
science. Land Use Policy. 2012, vol. 29, no. 4, pp. 899–910. 
ROUNSEVELL, M.D.A., REGINSTER, I., ARAÚJO, M.B.B., CARTER, T.R., DENDONCKER, N., 
EWERT, F., HOUSE, J.I.I., KANKAANPÄÄ, S., LEEMANS, R., METZGER, M.J.J., SCHMIT, 
C., SMITH, P., TUCK, G. A coherent set of future land use change scenarios for Europe. 
Agriculture, Ecosystems and Environment. 2006, vol. 114, no. 1, pp. 57–68. 
ROUX, D.J., STIRZAKER, R.J., BREEN, C.M., LEFROY, E.C., CRESSWELL, H.P. Framework 
for participative reflection on the accomplishment of transdisciplinary research 
programs. Environmental Science & Policy. 2010, vol. 13, no. 8, pp. 733–741. 
RUIJS, A., WOSSINK, A., KORTELAINEN, M., ALKEMADE, R., SCHULP, C.J.E. Trade-off 
analysis of ecosystem services in Eastern Europe. Ecosystem Services. 2013, vol. 4, 
pp. 82–94. 
SCHRÖTER, M., VAN DER ZANDEN, E.H., VAN OUDENHOVEN, A.P.E., REMME, R.P., SERNA-
CHAVEZ, H.M., DE GROOT, R.S., OPDAM, P. Ecosystem services as a contested 
concept: a synthesis of critique and counter-arguments. Conservation Letters. 2014, 
143 
 
vol. 7, no. 6, pp. 514–523. 
SCHULP, C.J.E., BURKHARD, B., MAES, J., VLIET, J. VAN, VERBURG, P.H. Uncertainties in 
Ecosystem Service Maps : A Comparison on the European Scale. PLOS One. 2014, 
vol. 9, no. 10, pp. e109643. 
SCHULP, C.J.E., NABUURS, G.J., VERBURG, P.H. Future carbon sequestration in Europe-
Effects of land use change. Agriculture, Ecosystems and Environment. 2008, vol. 127, 
no. 3-4, pp. 251–264. 
SCHUMACHER, J., ROSCHER, C. Differential effects of functional traits on aboveground 
biomass in semi-natural grasslands. Oikos. 2009, vol. 118, pp. 1659–1668. 
SETTELE, J., HAMMEN, V., HULME, P., KARLSON, U., KLOTZ, S., KOTARAC, M., KUNIN, W., 
MARION, G., O’CONNOR, M., PETANIDOU, T., PETERSON, K., POTTS, S., PRITCHARD, 
H., PYSEK, P., ROUNSEVELL, M.D.A., SPANGENBERG, J.H., STEFFAN-DEWENTER, I., 
SYKES, M.T., VIGHI, M., ZOBEL, M., KÜHN, I. ALARM : Assessing LArge-scale 
environmental Risks for bio- diversity with tested Methods. Gaia - Ecological 
Perspectives for Science and Society. 2005, vol. 1, pp. 69–72. 
SHARP, R., TALLIS, H.T., RICKETTS, T., GUERRY, A.D., WOOD, S.A., CHAPLIN-KRAMER, 
R., NELSON, E., ENNAANAY, D., WOLNY, S., OLWERO, N., VIGERSTOL, K., 
PENNINGTON, D., MENDOZA, G., AUKEMA, J., FOSTER, J., FORREST, J., CAMERON, D., 
ARKEMA, K.K., LONSDORF, E., KENNEDY, C., VERUTES, G., KIM, C.K., GUANNEL, G., 
PAPENFUS, M., TOFT, J., MARSIK, M., BERNHARDT, J., GRIFFIN, R., GLOWINSKI, K., 
CHAUMONT, N., PERELMAN, A., LACAYO, M. MANDLE, L., HAMEL, P., VOGL, A.L., 
ROGERS, L., AND BIERBOWER, W. InVEST 3.1.3 User’s Guide. The Natural Capital 
Project, Stanford University, University of Minnesota, The Nature Conservancy, and 
World Wildlife Fund, 2015, 351 pp. 
SHERROUSE, B.C., CLEMENT, J.M., SEMMENS, D.J. A GIS application for assessing, 
mapping, and quantifying the social values of ecosystem services. Applied 
Geography. 2011, vol. 31, no. 2, pp. 748–760. 
DE SIMON, G., ALBERTI, G., DELLE VEDOVE, G., ZERBI, G., PERESSOTTI, A. Carbon stocks 
and net ecosystem production changes with time in two Italian forest 
chronosequences. European Journal of Forest Research. 2012, vol. 131, pp. 1297–
1311. 
SINGH, S.J., HABERL, H., CHERTOW, M., MIRTL, M., SCHMID, M. (Eds.). Long Term Socio-
Ecological Research. Dordrecht: Springer Netherlands, 2013, 588 pp. 
SMITH, P., POWLSON, D., GLENDINING, M., SMITH, J. Potential for carbon sequestration in 
European Soils: preliminary estimates for five scenarios using results from long-term 
experiments. Global Change Biology. 1997, vol. 3, pp. 67–79. 
SPANGENBERG, J. Integrated scenarios for assessing biodiversity risks. Sustainable 
Development. 2007, vol. 15, no. 6, pp. 343–356. 
SPANGENBERG, J.H., BONDEAU, A., CARTER, T.R., FRONZEK, S., JAEGER, J., JYLHÄ, K., 
KÜHN, I., OMANN, I., PAUL, A., REGINSTER, I., ROUNSEVELL, M.D.A., SCHWEIGER, O., 
STOCKER, A., SYKES, M.T., SETTELE, J. Scenarios for investigating risks to 
biodiversity. Global Ecology and Biogeography. 2012, vol. 21, no. 1, pp. 5–18. 
SPANGENBERG, J.H., VON HAAREN, C., SETTELE, J. The ecosystem service cascade: Further 
144 
 
developing the metaphor. Integrating societal processes to accommodate social 
processes and planning, and the case of bioenergy. Ecological Economics. 2014, vol. 
104, pp. 22–32. 
STAMPS, A.E. Demographic effects in environmental aesthetics: a meta-analysis. Journal 
of Planning Literature. 1999, vol. 14, no. 2, pp. 155–175. 
ŠTĚPÁNEK, P., SKALÁK, P., FARDA, A., ZAHRADNÍČEK, P. Climate change in the area of the 
Czech Republic according to ALADIN-Climate/CZ simulations. In: ŠIŠKA, B., 
HAUPTVOGL, M., ELIAŠOVÁ, M. (Eds.). Bioclimate: Source and Limit of Social 
Development, International Scientific Conference, 6th – 9th September 2011, 
Topoľčianky, Slovakia. 2011. 
ŠTĚPÁNEK, P., ZAHRADNÍČEK, P., SKALÁK, P. Data quality control and homogenization of 
air temperature and precipitation series in the area of the Czech Republic in the period 
1961–2007. Advances in Science and Research. 2009, vol. 3, pp. 23–26. 
SWANWICK, C. Society’s attitudes to and preferences for land and landscape. Land Use 
Policy. 2009, vol. 26S, pp. S62–S75. 
TALLIS, H., POLASKY, S. Mapping and valuing ecosystem services as an approach for 
conservation and natural-resource management. Annals of the New York Academy of 
Sciences. 2009, vol. 1162, pp. 265–83. 
TALLIS, H.T., RICKETTS, T., GUERRY, A.D., WOOD, S.A., SHARP, R., NELSON, E., 
ENNAANAY, D., WOLNY, S., OLWERO, N., VIGERSTOL, K., PENNINGTON, D., 
MENDOZA, G., AUKEMA, J., FOSTER, J., FORREST, J., CAMERON, D., ARKEMA, K.K., 
LONSDORF, E., KENNEDY, C., VERUTES, G., KIM, C.K., GUANNEL, G., PAPENFUS, M., 
TOFT, J., MARSIK, M., BERNHARDT, J. InVEST 2.4.4 User’s Guide. Stanford: The 
Natural Capital Project, 2011, 342 pp. 
TEEB. The Economics of Ecosystems and Biodiversity: Mainstreaming the Economics of 
Nature - A synthesis of the approach, conclusions and recommendations of TEEB. 
2010. 
TERMORSHUIZEN, J.W., OPDAM, P. Landscape services as a bridge between landscape 
ecology and sustainable development. Landscape Ecology. 2009, vol. 24, no. 8, pp. 
1037–1052. 
TOLASZ, R. (Ed.). Atlas podnebí Česka [Climate Atlas of the Czech Republic]. 
Prague/Olomouc: Czech Hydrometeorological Institute/Palacky University, 2007. 
TRUUS, L. Estimationofabove-groundbiomassofwetlands. In: ATAZADEH, I. (Ed.). Biomass 
and Remote Sensing of Biomass. InTech, 2011. 
UK NEA. The UK National Ecosystem Assessment: Synthesis of the Key Findings. 
Cambridge: UNEP-WCMC, 2011. 
UN. System of Environmental-Economic Accounting 2012 - Experimental Ecosystem 
Accounting. New York: United Nations, 2014, 177 pp. 
VAČKÁŘ, D., HARMÁČKOVÁ, Z. V, KAŇKOVÁ, H., STUPKOVÁ, K. Human transformation of 
ecosystems: Comparing protected and unprotected areas with natural baselines. 
Ecological Indicators. 2016, vol. 66, pp. 321–328. 
VERBURG, P.H., EICKHOUT, B., MEIJL, H. A multi-scale, multi-model approach for 
145 
 
analyzing the future dynamics of European land use. The Annals of Regional Science. 
2007, vol. 42, no. 1, pp. 57–77. 
VERBURG, P.H., SCHOT, P.P., DIJST, M.J., VELDKAMP,  A. Land use change modelling: 
current practice and research priorities. GeoJournal. 2004, vol. 61, no. 4, pp. 309–
324. 
VERBURG, P.H., SCHULP, C.J.E., WITTE, N., VELDKAMP, A. Downscaling of land use 
change scenarios to assess the dynamics of European landscapes. Agriculture, 
Ecosystems and Environment. 2006, vol. 114, no. 1, pp. 39–56. 
VIGERSTOL, K.L., AUKEMA, J.E. A comparison of tools for modeling freshwater ecosystem 
services. Journal of Environmental Management. 2011, vol. 92, no. 10, pp. 2403–9. 
VILLA, F., BAGSTAD, K.J., VOIGT, B., JOHNSON, G.W., PORTELA, R., HONZÁK, M., 
BATKER, D. A methodology for adaptable and robust ecosystem services assessment. 
PloS ONE. 2014, vol. 9, no. 3, pp. e91001. 
VILLAMAGNA, A.M., ANGERMEIER, P.L., BENNETT, E.M. Capacity, pressure, demand, and 
flow: A conceptual framework for analyzing ecosystem service provision and 
delivery. Ecological Complexity. 2013, vol. 15, pp. 114–121. 
VITOUSEK, P.M., MOONEY, H.A., LUBCHENCO, J., MELILLO, J.M. Human Domination of 
Earth’s Ecosystems. Science. 1997, vol. 277, no. 5325, pp. 494–499. 
VÖLKER, S., KISTEMANN, T. The impact of blue space on human health and well-being – 
Salutogenetic health effects of inland surface waters: A review. International Journal 
of Hygiene and Environmental Health. 2011, vol. 214, no. 6, pp. 449–460. 
VÚMOP. SOWAC-GIS Geoportal. Research Institute for Soil and Water Conservation, 
2014. 
VAN VUUREN, D.P., EDMONDS, J., KAINUMA, M., RIAHI, K., THOMSON, A., HIBBARD, K., 
HURTT, G.C., KRAM, T., KREY, V., LAMARQUE, J.-F.F., MASUI, T., MEINSHAUSEN, M., 
NAKICENOVIC, N., SMITH, S.J., ROSE, S.K., VUUREN, D.P., EDMONDS, J., KAINUMA, 
M., RIAHI, K., THOMSON, A., HIBBARD, K., HURTT, G.C., KRAM, T., KREY, V., 
LAMARQUE, J.-F.F., MASUI, T., MEINSHAUSEN, M., NAKICENOVIC, N., SMITH, S.J., 
ROSE, S.K. The representative concentration pathways: an overview. Climatic 
Change. 2011, vol. 109, no. 1-2, pp. 5–31. 
VAN VUUREN, D.P., KRIEGLER, E., O’NEILL, B.C., EBI, K.L., RIAHI, K., CARTER, T.R., 
EDMONDS, J., HALLEGATTE, S., KRAM, T., MATHUR, R., WINKLER, H. A new scenario 
framework for Climate Change Research: Scenario matrix architecture. Climatic 
Change. 2014, vol. 122, no. 3, pp. 373–386. 
VAN VUUREN, D.P., RIAHI, K., MOSS, R., EDMONDS, J., THOMSON, A., NAKICENOVIC, N., 
KRAM, T., BERKHOUT, F., SWART, R., JANETOS, A., ROSE, S.K., ARNELL, N. A 
proposal for a new scenario framework to support research and assessment in 
different climate research communities. Global Environmental Change. 2012, vol. 22, 
no. 1, pp. 21–35. 
VÚV TGM. DIBAVOD hydrological database. T. G. Masaryk Water Research Institute, 
2014. 
WALLACE, K.J. Classification of ecosystem services: Problems and solutions. Biological 
Conservation. 2007, vol. 139, pp. 235–246. 
146 
 
WAYLEN, K.A., HASTINGS, E.J., BANKS, E. A, HOLSTEAD, K.L., IRVINE, R.J., BLACKSTOCK, 
K.L. The need to disentangle key concepts from ecosystem-approach jargon. 
Conservation biology : the journal of the Society for Conservation Biology. 2014, vol. 
28, no. 5, pp. 1215–24. 
WISCHMEIER, W.H., SMITH, D. Predicting rainfall erosion losses: a guide to conservation 
planning. Washington, DC: USDA-ARS Agriculture Handbook, 1978, 67 pp. 
ZEDLER, J.B., KERCHER, S. Status, Trends, Ecosystem Services, and Restorability. Review 
Literature And Arts Of The Americas. 2005, pp. 39–74. 
ZHANG, W., RICKETTS, T.H., KREMEN, C., CARNEY, K., SWINTON, S.M. Ecosystem 
services and dis-services to agriculture. Ecological Economics. 2007, vol. 64, no. 2, 
pp. 253–260. 
ZULIAN, G., PARACCHINI, M.L., MAES, J., LIQUETE, C. ESTIMAP: Ecosystem services 
mapping at European scale. EUR 26474 EN. Luxembourg: Publications Office of the 
European Union, 2013, 58 pp. 
ZULIAN, G., POLCE, C., MAES, J. ESTIMAP: A GIS-based model to map ecosystem 





List of Appendices 
 
Appendix I: Classifications of ecosystem services 





Appendix I: Classifications of ecosystem services 
 
 









Table A1. The CICES classification of ecosystem services (according to EEA, 2015). 
CICES for ecosystem service mapping and assessment 
Section Division Group Class Class type* Examples** 
This column 



















The class level 
provides a further 
sub-division of group 
categories into 
biological or material 
outputs and bio-
physical and cultural 
processes that can be 
linked back to 
concrete identifiable 
service sources. 
Class types break the 
class categories into 
further individual 
entities and suggest 




Provisioning Nutrition Biomass Cultivated crops Crops by amount, type Cereals (e.g. wheat, rye, barely), vegetables, fruits etc. 
Reared animals and 
their outputs 
Animals, products by 
amount, type 
Meat, dairy products (milk, cheese, yoghurt), honey etc. 
Wild plants, algae and 
their outputs 
Plants, algae by 
amount, type 
Wild berries, fruits, mushrooms, water cress, salicornia (saltwort or 
samphire); seaweed (e.g. Palmaria palmata = dulse, dillisk) for food 
Wild animals and their 
outputs 
Animals by amount, 
type 
Game, freshwater fish (trout, eel etc.), marine fish (plaice, sea bass 
etc.) and shellfish (i.e. crustaceans, molluscs), as well as 
equinoderms or honey harvested from wild populations; Includes 
commercial and subsistence fishing and hunting for food 
Plants and algae from 
in-situ aquaculture 
Plants, algae by 
amount, type 
In situ seaweed farming 
Animals from in-situ 
aquaculture  
Animals by amount, 
type 
In-situ farming of freshwater (e.g. trout) and marine fish (e.g. 
salmon, tuna) also in floating cages; shellfish aquaculture (e.g. 




  Water Surface water for 
drinking 
By amount, type Collected precipitation, abstracted surface water from rivers, lakes 
and other open water bodies for drinking 
Ground water for 
drinking 
Freshwater abstracted from (non-fossil) groundwater layers or via 
ground water desalination for drinking 
Materials Biomass Fibres and other 
materials from plants, 
algae and animals for 
direct use or 
processing 
Material by amount, 
type, use, media (land, 
soil, freshwater, 
marine) 
Fibres, wood, timber, flowers, skin, bones, sponges and other 
products, which are not further processed; material for production 
e.g. industrial products such as cellulose for paper, cotton for 
clothes, packaging material; chemicals extracted or synthesised from 
algae, plants and animals such as turpentine, rubber, flax, oil, wax, 
resin, soap (from bones), natural remedies and medicines (e.g. 
chondritin from sharks), dyes and colours, ambergris (from sperm 
whales used in perfumes); Includes consumptive ornamental uses. 
Materials from plants, 
algae and animals for 
agricultural use 
Plant, algae and animal material (e.g. grass) for fodder and fertilizer 
in agriculture and aquaculture; 
Genetic materials from 
all biota 
Genetic material (DNA) from wild plants, algae and animals for 
biochemical industrial and pharmaceutical processes e.g. medicines, 
fermentation, detoxification; bio-prospecting activities e.g. wild 
species used in breeding programmes etc. 
Water Surface water for non-
drinking purposes 
By amount, type and 
use 
Collected precipitation, abstracted surface water from rivers, lakes 
and other open water bodies for domestic use (washing, cleaning and 
other non-drinking use), irrigation, livestock consumption, industrial 
use (consumption and cooling) etc.  
Ground water for non-
drinking purposes 
Freshwater abstracted from (non-fossil) groundwater layers or via 
ground water desalination for domestic use (washing, cleaning and 
other non-drinking use), irrigation, livestock consumption, industrial 




Plant-based resources By amount, type, 
source 




Dung, fat, oils, cadavers from land, water and marine animals for 
burning and energy production 
Mechanical 
energy  
Animal-based energy By amount, type, 
source 














algae, plants, and 
animals 
By amount, type, use, 
media (land, soil, 
freshwater, marine) 
Bio-chemical detoxification/decomposition/mineralisation in 
land/soil, freshwater and marine systems including sediments; 
decomposition/detoxification of waste and toxic materials e.g. waste 
water cleaning, degrading oil spills by marine bacteria, 




algae, plants, and 
animals 
By amount, type, use, 
media (land, soil, 
freshwater, marine) 
Biological filtration/sequestration/storage/accumulation of pollutants 
in land/soil, freshwater and marine biota, adsorption and binding of 






By amount, type, use, 
media (land, soil, 
freshwater, marine) 
Bio-physicochemical filtration/sequestration/storage/accumulation 
of pollutants in land/soil, freshwater and marine ecosystems, 
including sediments; adsorption and binding of heavy metals and 




freshwater and marine 
ecosystems  
Bio-physico-chemical dilution of gases, fluids and solid waste, 




Visual screening of transport corridors e.g. by trees; Green 
infrastructure to reduce noise and smells 
Mediation of 
flows 
Mass flows Mass stabilisation and 
control of erosion rates 
By reduction in risk, 
area protected 
Erosion / landslide / gravity flow protection; vegetation cover 
protecting/stabilising terrestrial, coastal and marine ecosystems, 
coastal wetlands, dunes; vegetation on slopes also preventing 
avalanches (snow, rock), erosion protection of coasts and sediments 
by mangroves, sea grass, macroalgae, etc.  
Buffering and 
attenuation of mass 
flows 
Transport and storage of sediment by rivers, lakes, sea 
Liquid flows Hydrological cycle 
and water flow 
maintenance 
By depth/ volumes Capacity of maintaining baseline flows for water supply and 
discharge; e.g. fostering groundwater; recharge by appropriate land 
coverage that captures effective rainfall; includes drought and water 




   Flood protection By reduction in risk, 
area protected 
Flood protection by appropriate land coverage; coastal flood 
prevention by mangroves, sea grass, macroalgae, etc. 
(supplementary to coastal protection by wetlands, dunes)  
Gaseous / air 
flows 
Storm protection By reduction in risk, 
area protected 
Natural or planted vegetation that serves as shelter belts 
Ventilation and 
transpiration 
By change in 
temperature/humidity 











Pollination and seed 
dispersal 
By amount and source Pollination by bees and other insects; seed dispersal by insects, birds 




By amount and source Habitats for plant and animal nursery and reproduction e.g. 
seagrasses, microstructures of rivers etc. 
Pest and 
disease control 
Pest control By reduction in 
incidence, risk, area 
protected 
Pest and disease control including invasive alien species 




Weathering processes By 
amount/concentration 
and source 
Maintenance of bio-geochemical conditions of soils including 
fertility, nutrient storage, or soil structure; includes biological, 
chemical, physical weathering and pedogenesis 
Decomposition and 
fixing processes 
Maintenance of bio-geochemical conditions of soils by 
decomposition/mineralisation of dead organic material, nitrification, 
denitrification etc.), N-fixing and other bio-geochemical processes; 
Water 
conditions 





Maintenance / buffering of chemical composition of freshwater 
column and sediment to ensure favourable living conditions for biota 
e.g. by denitrification, re-mobilisation/re-mineralisation of 
phosphorous, etc. 
Chemical condition of 
salt waters 
Maintenance / buffering of chemical composition of seawater 
column and sediment to ensure favourable living conditions for biota 














Global climate regulation by greenhouse gas/carbon sequestration by 
terrestrial ecosystems, water columns and sediments and their biota; 
transport of carbon into oceans (DOCs) etc. 
Micro and regional 
climate regulation 
Modifying temperature, humidity, wind fields; maintenance of rural 
















Experiential use of 




By visits/use data, 
plants, animals, 
ecosystem type 
In-situ whale and bird watching, snorkelling, diving etc. 
Physical use of land-
/seascapes in different 
environmental settings 






Scientific By use/citation, plants, 
animals, ecosystem 
type 
Subject matter for research both on location and via other media 
Educational Subject matter of education both on location and via other media 
Heritage, cultural Historic records, cultural heritage e.g. preserved in water bodies and 
soils 
Entertainment Ex-situ viewing/experience of natural world through different media 














Symbolic By use, plants, animals, 
ecosystem type 
Emblematic plants and animals e.g. national symbols such as 
American eagle, British rose, Welsh daffodil 
Sacred and/or religious Spiritual, ritual identity e.g. 'dream paths' of native Australians, holy 
places; sacred plants and animals and their parts 
Other cultural 
outputs 
Existence By plants, animals, 
feature/ecosystem type 
or component 
Enjoyment provided by wild species, wilderness, ecosystems, land-
/seascapes 
Bequest Willingness to preserve plants, animals, ecoystems, land-/seascapes 
for the experience and use of future generations; moral/ethical 
perspective or belief 
*Note: this section is open in that many class types can potentially be recognised and nested in the higher level classes, depending on the ecosystems being considered. 




Table A2. The CICES classification of ecosystem services and its parallels to the MA and TEEB classifications (according to EEA, 2015). 
Section Division Group Class  MA TEEB 
Provisioning Nutrition Biomass Cultivated crops Food Food 
Reared animals and their outputs  
Wild plants, algae and their outputs  
Wild animals and their outputs  
Plants and algae from in-situ aquaculture  
Animals from in-situ aquaculture   
Water Surface water for drinking Water Water 
Ground water for drinking 
Materials Biomass Fibres and other materials from plants, algae and 






Materials from plants, algae and animals for 
agricultural use 
Genetic materials from all biota Genetic materials Genetic materials 
Water Surface water for non-drinking purposes Water Water 
Ground water for non-drinking purposes 
Energy Biomass-based 
energy sources 




Animal-based energy   
Regulation & 
Maintenance 
Mediation of waste, 




Bio-remediation by micro-organisms, algae, plants, 
and animals 
Water purification and 
water treatment, air 
quality regulation 
Water purification and 
water treatment, air 
quality regulation Filtration/sequestration/storage/accumulation by 





Dilution by atmosphere, freshwater and marine 
ecosystems  
Mediation of smell/noise/visual impacts 
Mediation of flows Mass flows Mass stabilisation and control of erosion rates Erosion regulation Erosion prevention 
Buffering and attenuation of mass flows 
Liquid flows Hydrological cycle and water flow maintenance Water regulation Regulation of water 
flows, regulationof 
extreme events 
Flood protection Natural hazard 
regulation Gaseous / air 
flows 
Storm protection 








habitat and gene 
pool protection 
Pollination and seed dispersal Pollination Pollination 
Maintaining nursery populations and habitats 
Pest and disease 
control 
Pest control Pest regulation Biological control 
Disease control Disease regulation 
Soil formation 
and composition 
Weathering processes Soil formation 
[supporting services] 
Maintenance of soil 
fertility Decomposition and fixing processes 
Water conditions Chemical condition of freshwaters Water regulation Water 




Global climate regulation by reduction of greenhouse 
gas concentrations 
Atmospheric regulation Climate regulation 
Micro and regional climate regulation Air quality regulation Air quality regulation 
Cultural Physical and 
intellectual 
interactions with 







Experiential use of plants, animals and land-
/seascapes in different environmental settings 
Recreation and 
ecotourism 
Recreation and tourism 





Scientific Knowledge systems 
and educational values, 
cultural diversity, 
aesthetic values 
Inspiration for culture, 
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